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COMPOSITION FOR TREATING PATHOLOGY ASSOCIATED WITH 

MSRV/HERV-W 

For several years, many studies have demonstrated the 
important expression of various retroviruses, in 
particular endogenous retroviruses (HERVs) , in 
pathologies such as diabetes [1], multiple sclerosis 
(MS) [2] and schizophrenia (SCZ) [3] . HERVs possess 
homologies with the known animal retroviruses and 
probably originate from their integration into the 
human germ line. The sequences of these HERVs in the 
human genome are generally incomplete even though whole 
proviral sequences have already been identified. 

15 Retroviral particles in cultures of leptomeningeal 
cells from patients suffering from MS have already been 
isolated [4] . The study of these particles has shown 
that they possess genetic sequences homologous to human 
DNA but define a new family of endogenous retroviruses 
20 (HERV-W) [2, 5, 6]. The presence of MSRV in the serum 
and/or the cerebrospinal fluid (CSF) of patients has 
now been confirmed by various teams [7-9] and a 
correlation between the viral load and the evolution of 
the disease has been demonstrated [10] . It has 
2 5 subsequently been demonstrated that MSRV and its 
envelope protein have T- lymphocyte -mediated pro- 
inflammatory properties, of superantigen (SAg) type 
til] . An animal model (humanized SCID mice) has been 
developed, confirming in vivo the immunopathogenic 
potential of such particles, and in particular their 
ability to induce the secretion of pro-inflammatory 
cytokines, mediated by T lymphocytes [12] . 

In the subsequent description, the viruses of the 
35 MSRV/HERV-W family will be called MSRV or MSRV/HERV-W, 
without distinction. 
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Other pathologies exhibit, like MS, an immune system 
activation profile characterized by the presence of 
large amounts of IL-6. Among them, schizophrenia 
(SCZ) , - a neuropsychiatric disease associated with 
5 genetic and environmental factors -, presents, 
depending on the case, serum- IL-6 levels which are much 
higher than normal [13] . Moreover, retroviral sequences 
similar to those of MSRV have been identified in SCZ 
patients [3] . In addition, more recently, it has been 
10 demonstrated that the SCF of newly diagnosed SCZ 
patients exhibits retroviral sequences of the 
MSRV/HERV-W family associated with circulating 
particles [14] . 

15 Such an expression is compatible with MSRV/HERV-W 
having a role in various neurological pathologies by 
means of the pro- inflammatory effects of its envelope 
protein and of the activation pathway involved. This 
retroviral element (itself under the control of 

20 activation cofactors) and its associated effects are 
entirely relevant in the case of inflammatory 
demyelinating diseases [15] . in the case of 
schizophrenia, such an inflammation revealed at the 
systemic level through the overexpression of IL-6 is 

25 also relevant, locally at the level of the gray matter 
in the brain, with regard to the known neurotoxic and 
excitotoxic effects of the inflammation mediated by 
microgliocytes/macrophages in the brain [16-3 0] . 

30 The differential expression of MSRV/HERV-W RNA 
sequences has also been reported in the frontal cortex 
tissue of schizophrenic patients, and not in controls, 
including in particular manic depressive psychoses 
(bipolar disorders) [31] . Furthermore, the systemic 

35 reflection of this "MSRV/HERV-W" retroviral 
differential has been demonstrated in the blood of 
homozygous twins with conflicting schizophrenic 
pathology, thus corroborating the existence of. a 
"systemic" replica that can in particular play a role 
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in the hyperexpression of circulating IL-6 previously 
reported [3] . 

The effects of the MSRV/HERV-W envelope protein in 
5 schizophrenic patients are part, of the pathogenic 
cascade of schizophrenia, at the level of the role of 
specific inflammatory factors in the generation of 
cortical or subcortical, neurotoxic and/or excitotoxic 
signals . 

10 

At this time, corroborating publications from various 
independent teams exist, which show an association 
between the elements of the MSRV/HERV-W family and 
pathologies such as MS and SCZ, but other diseases 
15 could also prove to be involved. 

The present inventors have now shown, unexpectedly, 
that the Env protein of MSRV/HERV-W has another pro- 
inflammatory activity, independent of that mediated by 
20 T lymphocytes, this novel pro- inflammatory activity 
involving cells other than T cells and involving a 
receptor other than the T cell receptor (TCR) , and 
resulting in the activation of a pro- inflammatory 
pathway other than that which results from the 

2 5 activation of the TCR by a superantigen . This novel 

pro -inflammatory activity is therefore different from 
the pro- inflammatory activation caused by a 
superantigenic function which, by definition, involves 
binding to the T lymphocyte TCR. The inventors have 

3 0 found that it is precisely the soluble fraction domain 

(Env-SU) of the MSRV/HERV-W envelope protein which is 
responsible for these novel pro -inflammatory effects 
mediated by antigen-presenting cells (macrophages, 
monocytes, dendritic cells and micrdgliocites) and a 
35 receptor not identified, up until now, for its role in 
the triggering of the pro- inflammatory effects mediated 
by MSRV/HERV-W Env-SU. Thus, Env-SU, naturally present 
at the surface of the retroviral particles, targets the 
antigen-presenting cells (APCs) , activates them and 



induces the secretion of large amounts of TNF-a, of 
IL-lp and of IL-6. These pro- inflammatory effects have 
been studied in patients suffering from MS and then 
compared with those obtained in donors. The inventors 
have thus shown that the production of IL-6 induced by 
Env-SU is increased in MS patients and correlates with 
their clinical score (EDSS) . The increased presence of 
IL-6 in the serum, the SCF and the lesions of MS 
patients [32-3 7] is presumed to play an important role 
in the development and the persistence of the lesions 
observed in the central nervous system of MS patients. 

The present inventors have therefore found, 
surprisingly, that the Env-SU receptor involved in 
these novel pro- inflammatory effects is the human TLR4 
(Toll -like receptor 4) protein. The gene encoding TLR4 
is located on chromosome 9 (9q32-q33) . The protein 
consists of 83 9 amino acids and has a molecular weight 
of 95679 Da. It was known that TLR4 cooperates with 
another molecule, called MD-2, and that, together with 
CD14, this complex is involved in the recognition of 
bacterial lipopolysaccharides (LPSs) , resulting in 
activation of the NF-kappa-B factor, in cytokine 
secretion and in the inflammatory response, but its 
role of receptor for the soluble fraction of the 
MSRV/HERV-W envelope protein (Env-SU) was not known 
before the present invention. Since the TLR4 protein is 
not expressed on T lymphocytes, the latter are not the 
primary targets of the effects demonstrated here with 
the TLR4 receptor. The inventors have also shown that 
the MSRV retroviral particles associated with 
circulating RNA detected in the biological fluids of 
patients are, irrespective of any retroviral 
replication, inducers of this novel early pro- 
inflammatory activation pathway involving the TLR4 
receptor present on antigen-priesenting cells such as 
macrophages, monocytes, dendritic cells and 
microgliocytes. For this, they inactivated the MSRV 
virions purified from producer culture supernatants [4] 
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and tested their activity related to the presence of 
the MSRV/HERV-W Env. protein. The results presented in 
the experimental section confirm that the early pathway 
for inactivation of innate immunity by the TLR4 
receptor is targeted by the envelope protein in the 
soluble form, Env-SU, and in the membrane -bound form at 
the surface of the MSRV virions. 

The results obtained in the context of the present 
invention therefore make it possible to establish 
immunotherapy strategies in pathologies, in particular 
neurological pathologies, such as MS and SCZ, and have 
in particular made it possible to identify the vectors 
capable of transporting one or more therapeutic agents 
5 across the blood-brain barrier. One of the essential 
aspects of the results of the invention, in the context 
of therapy, is that they made it possible to target an 
inflammatory component associated with the activation 
of brain microgliocytes/macrophages, with a unique 
) specificity in this domain by virtue of the 
identification of the "MSRV/HERV-W Env-SU and TLR4 " 
ligand/receptor system involved in the generation of 
the early inflammatory signals which, for example, 
initiate a demyelinating cascade when they originate 
from microgliocytes/macrophages located in the white 
matter (MS) or an excitotoxic/neurotoxic cascade when 
they are produced by these same cells in the gray 
matter (SCZ) . 

Thus, a subject of the present invention is a method 
for treating an individual exhibiting a pathology 
associated with the presence of MSRV/HERV-W, comprising 
the administration to the individual of a therapeutic 
composition or medicament comprising at least one 
antibody chosen from the group (i) of ant i -MSRV/HERV-W 
Env-SU antibodies capable of binding specifically 
(which bind specifically) to the soluble fraction of 
the MSRV/HERV-W Env protein or from the group (ii) of 
antibodies capable of binding specifically (which bind 



specifically) to the TLR4 receptor for the soluble 
fraction of the MSRV/HERV-W Env-SU protein, so as to 
inhibit the pro- inflammatory cascade induced by the 
activation of MSRV/HERV-W, and a carrier plus, if 
5 necessary, a pharmaceutical ly acceptable vector. Said 
antibodies inhibit the pro- inflammatory cascade induced 
by the activation of MSRV/HERV-W Env-SU. Said method is 
in particular used for the treatment of MS and SCZ, but 
can be applied to the treatment of other diseases if 
10 they are associated with expression of the pro- 
inflammatory protein of MSRV/HERV-W in a context where 
the latter initiates a pathological cascade. 
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Said anti -Env-SU antibodies are in particular capable 
of binding to a region which corresponds to amino acids 
122-131 (inclusive) and/or to a region which 
corresponds to amino acids 312-316 (inclusive) and/or 
to a region which corresponds to amino acids 181-186 
(inclusive) of the sequence identified in SEQ ID NO : 1. 



According to the method of the invention, a composition 
or medicament comprising at least one anti -MSRV/HERV-W 
Env-SU antibody or at least one anti-TLR4 antibody can 
be administered to the patient. In one embodiment of 
25 the method of the invention, a composition or a 
medicament comprising at least one anti -MSRV/HERV-W 
Env-SU antibody and at least one anti-TLR4 antibody is 
administered to the patient. 



Preferably, in the method of the invention, the anti- 
Env-SU antibody is chosen from the following 
antibodies: anti -MSRV/HERV-W Env-SU monoclonal 
antibodies (antibodies 3B2H4, 13H5A5 and 3H10F10 
(bioMerieux) ) , and the anti-TLR4 antibody is the anti- 
35 human TLR4 antibody HTA125 (sold by the company 
eBioscience) . The method of obtaining the bioMerieux 
monoclonal antibodies is described in the description 
which follows. The abovementioned antibodies have the 
original, and up until then unknown, characteristic of 
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being neutralizing with respect to. the pro- inflammatory 
activity newly demonstrated on antigen-presenting cells 
by the TLR4 receptor. 

5 The anti-TLR4 or anti-Env-SU antibodies are 
administered to the individual by means of a 
pharmaceutical ly acceptable carrier, associated, if 
necessary, with a pharmaceutical^ acceptable vector 
for transporting them across the blood-brain barrier 
10 (BBB) . If, as is the case for MS, at a certain stage of 
the evolution of the pathology there is opening of the 
blood-brain barrier, it is not necessary to use such 
vectors, but when there is no opening of the blood- 
brain barrier, which is also the case for SCZ, such 
15 vectors are necessary. These vectors are well known 
[38-45] . The therapeutic approach targets an 
inflammatory component associated with the activation 
of brain microgliocytes/macrophages, with a unique 
specificity in this domain. This specificity is 
associated with the identification of the "MSRV Env-SU 
and TLR4 " ligand- receptor system involved in the 
generation of the early inflammatory signals which, for 
example, initiate a demyelinating cascade when they 
originate from microgliocytes/macrophages located in 
25 the white matter (MS) or an excitotoxic/neurotoxic 
cascade when they are produced by these same cells in 
the gray matter (SCZ) . 

The utility of the anti-MSRV Env-SU or anti-TLR4 
30 antibodies is to block "at the source" the pro- 
inflammatory cascade induced by the expression of 
MSRV/HERV-W (itself induced by infectious cof actors of 
herpesvirus type, by hormone signals or by specific 
cytokines, which are variable depending on pathologies) 
35 in the various diseases associated with a pathological 
expression of MSRV/HERV-W. 

Thus, a subject of the present invention is a 
composition, it being understood that this composition 
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is for therapeutic purposes, which comprises at least 
one antibody chosen from the group (i) of anti- 
MSRV/HERV-W Env-SU antibodies or from the group (ii) of 
anti-TLR4 antibodies, capable of binding specifically 
5 (which bind specifically) to the soluble fraction of 
the MSRV/HERV-W Env protein or to the TLR4 receptor for 
the soluble fraction of the MSRV/HERV-W Env protein, 
and a pharmaceutical^ acceptable carrier. If 
necessary, said composition also comprises a 

10 pharmaceutically acceptable vector; said antibodies 
inhibiting the pro -inflammatory cascade induced by the 
activation of MSRV/HERV-W Env-SU. Preferably, the 
composition comprises at least one ant i -MSRV/HERV-W 
Env-SU antibody and at least one anti-TLR4 antibody. 

15 The antibodies that are preferred in this composition 
are the ant i -MSRV/HERV-W Env-SU antibodies (3B2H4, 
13H5A5 and 3H10F10) and the anti-TLR4 antibody HTA125. 
The abovementioned antibodies are monoclonal antibodies 
which are "neutralizing" with respect to the newly 

20 demonstrated pro- inflammatory activity on antigen- 
presenting cells via the TLR4 receptor. 

Said anti-Env-SU antibodies are in particular capable 
of binding to a region which corresponds to amino acids 
25 122-131 (inclusive) and/or to a region which 
corresponds to amino acids 312-316 (inclusive) and/or 
to a region which corresponds to amino acids 181-18 6 
(inclusive) of the sequence identified in SEQ ID NO: 1. 

3 0 A subject of the invention is also the use of at least 
one antibody chosen from the group (i) of anti- 
MSRV/HERV-W Env-SU antibodies or from the group (ii) of 
anti-TLR4 antibodies, capable of binding specifically 
to the soluble fraction of the MSRV/HERV-W Env protein 

35 or to the TLR4 receptor for the soluble fraction of the 
MSRV/HERV-W Env protein, for the preparation of a 
medicament; said antibodies inhibiting the pro- 
inflammatory cascade induced by the activation of 
MSRV/HERV-W Env-SU. In particular, at least one 



anti -MSRV/HERV-W Env-SU antibody and at least one anti- 
TLR4 antibody are used. The anti-HERV-W Env-SU antibody 
is chosen from the antibodies 3B2H4, 13H5A5 and 
13H10F10 and the anti-TLR4 antibody is the antibody 
HTA125. This use is implemented for the treatment of a 
pathology associated with MSRV/HERV-W, such as multiple 
sclerosis or schizophrenia. 

Said anti-Env-SU antibodies are in particular capable 
of binding to a region which corresponds to amino acids 
132-131 (inclus ive) and/or to a region which 
corresponds to amino acids 312-316 (inclusive) and/or 
to a region which corresponds to amino acids 181-186 
(inclusive) of the sequence identified in SEQ ID NO: 1. 

A subject of the invention is also antibodies chosen 
from the anti-MSRV/HERV-W Env-SU and anti-TLR4 
antibodies capable of binding specifically (which bind 
specifically) to the soluble fraction of the MSRV/HERV- 
W Env protein or capable of binding specifically (which 
bind specifically) to the TLR4 receptor for the soluble 
fraction of the MSRV/HERV-W Env protein, for inhibiting 
the pro -inflammatory cascade induced by the activation 
of MSRV/HERV-W, in particular the antibodies 3B2H4 , 
13H5A5 and 13H10F10. However, it is within the scope of 
those skilled in the art to produce and to select other 
antibodies, the condition for the selection being that 
the antibodies selected are capable of inhibiting the 
pro- inflammatory effect of Env-SU in the in vitro assay 
described in the experimental section which follows. 

The term "antibodies" used in the present invention 
includes monoclonal antibodies, chimeric antibodies, 
humanized antibodies, recombinant antibodies and 
fragments of said antibodies, which are characterized 
by a high affinity for the soluble fraction of the 
MSRV/HERV-W envelope protein and which exhibit no 
toxicity or a very weak toxicity. In particular, it is 
preferable to use an antibody whose variable region 



and/or constant region is weakly immunogenic for the 
individual to whom it is administered. The antibodies 
of the present invention are characterized by their 
ability to treat patients exhibiting pathologies 
associated with MSRV/HERV-W, while at the same time 
exhibiting no toxicity or a very weak toxicity. The 
weak immunogenicity and/or the high affinity of these 
antibodies may contribute to the therapeutic results 
achieved. 

The term "antibody fragment" is intended to mean the 
F(ab)2 / Fab, Fab' and sFv fragments (Blazar et al . , 
1997, Journal of Immunology 159: 5821-5833 and Bird et 
al., 1988, Science 242: 423-426) of a native antibody, 
and the term "chimeric antibody" is intended to mean, 
inter alia, a chimeric derivative of a native antibody 
(see, for example, Arakawa et al . , 1996, J. Biochem 
120: 657-662 and Chaudray et al . , 1989, Nature 339: 
394-397) . 

The production of monoclonal antibodies is part of the 
general knowledge of those skilled in the art. By way 
of reference, mention may be made of Kohler G. and 
Milstein C. (1975) : Continuous culture of fused cells 
secreting antibody of predefined specificity, Nature 
256: 495-497 and Galfre G. et al . (1977) Nature, 266: 
522-550. The immunogen ban be coupled to keyhole 
lymphet hemocyanin (KLH peptide) as a support for the 
immunization or to serum albumin (SA peptide) . The 
animals are subjected to an injection of the immunogen 
using Freund's adjuvant. The sera and the hybridoma 
culture supernatant s derived from the immunized animals 
are analyzed for their specificity and their 
selectivity using conventional techniques, such as, for 
example, ELISA assays or Western blotting. The 
hybridomas producing the most specific and- most 
sensitive antibodies are selected. Monoclonal 
antibodies can also be produced in vitro by cell 
culture of the hybridomas produced or by recovery of 



ascites fluid, after intraperitoneal injection of the 
hybridomas into mice. Irrespective of the method of 
production, a supernatant or as ascites, the antibodies 
are then purified. The purification methods used are 
essentially filtration on ion exchange gel and 
exclusion chromatography or affinity chromatography 
(protein A or G) . The antibodies are screened in 
functional assays so as to select the most effective 
antibodies. The in vitro production of antibodies, of 
antibody fragments and of chimeric antibodies produced 
by genetic engineering is well known to those skilled 
in the art. By way of example, antibodies can be 
produced by cloning of the cDNA obtained from the RNA 
encoding the variable fragment (scFv) of the antibody. 
The "humanized" forms of nonhuman antibodies, for 
example murine antibodies, are chimeric antibodies 
which comprise a minimum sequence derived from a 
nonhuman immunoglobulin. For the most part, humanized 
antibodies are human immunoglobulins (recipient 
antibody) in which residues of a hypervariable region 
of the receptor are replaced with residues of a 
hypervariable region of nonhuman donor species (donor 
antibody) , such as mouse, rat, rabbit or nonhuman 
primate, having the specificity, the affinity and the 
capacity desired. In certain cases, the residues (FR) 
of the Fv region of the human immunoglobulin are 
replaced with corresponding nonhuman residues. 
Furthermore, the humanized antibodies can comprise 
residues which are not found in the recipient antibody 
or in the donor antibody. These modifications can be 
made so as to improve the effectiveness of the 
antibody. In general, the humanized antibody will 
comprise at least one, and preferably two, variable 
domains, in which all or virtually all of the 
hypervariable loops correspond to a nonhuman 
immunoglobulin and all or virtually all of the FR 
regions will be those of a human immunoglobulin. The 
humanized antibodies may optionally also comprise at 
least one portion of a constant region (Fc) of an 
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immunoglobulin, such as a human immunoglobulin. In 
general, the variable region is derived from a nonhuman 
mammalian antibody and the constant region is derived 
from a human immunoglobulin. Preferably, the variable 
region chosen exhibits a weak immunogenicity and is 
combined with a constant region which also exhibits a 
weak immunogenic i ty . 

These antibodies are preferably the following 
"neutralizing" antibodies: 

anti-MSRV/HERV-W Env-SU monoclonal antibodies: 
antibodies 3B2H4 , 13H5A5 and 13H10F10 

(bioMerieux) , 

anti-TLR4 antibodies: ant i -human TLR4 monoclonal 
antibody HTA125 (sold by the company eBioscience) . 

The anti-MSRV/HERV-W Env-SU antibodies are produced 
according to the protocols described below. 

Production of the antibody 3B2H4 : 

The mice are immunized according to the following 
protocol : on day DO, intraperitoneal injection of 20 fag 
of immunogen, consisting of the purified recombinant 
MSRV/Env protein, as described previously [11] in the 
presence of complete Freund's adjuvant. On days D14 and 
D2 8, further intraperitoneal injection of the same 
amount of immunogen in the presence of incomplete 
Freund's adjuvant. Four, three and two days before the 
fusion, intraperitoneal injection of 100 pig of 
immunogen diluted in physiological saline. 

400 supernatant s were screened by the indirect ELISA 
technique. The plates were coated with 100 ^1 of 
antigen at 1 pg/ml in 0.05 M bicarbonate buffer, pH 
9-6. The coated plates were incubated overnight at a 
temperature of 18-22°C. The plates were saturated with 
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200 pi of PBS-1% milk and subjected to incubation for 
1 hour at 37° + /-2°C. 100 \xl of supernatants or of 
ascites fluid diluted in PBS buffer- 0.05% Tween 2 0 were 
added and the plates were incubated for 1 hour at 
5 37°+/-2°C. 100 jj.1 of goat anti-mouse Ig (H+L») 
polyclonal antibody conjugated to alkaline phosphatase 
(AP) (Jackson Immunoresearch ref : 115-055-062), diluted 
in PBS buffer-1% BSA, to 1/2000, were added and the 
plates were then incubated for 1 hour at 37° + /-2°C. 

10 100 \xl of PNPP (Biomerieux ref 60002990) at a 
concentration of 2 mg/ml in DEA-HCL (Biomerieux ref 
60002989), pH=9.8, were added. The plates were then 
subjected to incubation for 30 minutes at a temperature 
of 37°+/-2°C. The reaction was blocked by the addition 

15 of 100 p.1 of IN NaOH. Three washes were performed 
between each step, with 300 fil of PBS-0.05% Tween 20. 
An additional wash in distilled water is performed 
before the PNPP is added. 

20 22 supernatants were found to be positive by indirect 
ELISA with an OD > 0.2, corresponding to four times the 
background noise. After the specificity assays, a 
single antibody is produced. 

25 - Production of the antibodies 13H5A5 and 3H10F10 : 

The mice are immunized according to the following 
protocol: on day DO, intraperitoneal injection of 40 |ng 
of immunogen, consisting of the purified recombinant 

30 MSRV/Env protein as described [11] , in the presence of 
complete Freund's adjuvant. On days D14, D28 and D78, a 
further intraperitoneal injection of the same amount of 
immunogen in the presence of incomplete Freund' s 
adjuvant. Four, three and two days before the fusion, 

35 an intraperitoneal injection of 50 \ig of immunogen 
diluted in physiological saline. 

1350 supernatants were screened by the indirect ELISA 
technique, as described above. 
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39 supernatants were found to be positive by indirect 
ELISA with an OD > 0.4, corresponding to four times the 
background noise. After the specificity assays, two 
antibodies are produced. 

The abovementioned anti-Env-SU and anti-TLR4 antibodies 
are used for the preparation of a medicament or 
therapeutic composition for the treatment of 
pathologies associated with MSRV/HERV-W, as described 
above. In the composition for therapeutic purposes of 
the present invention, the antibody or active 
ingredient is combined with a pharmaceutically 
acceptable carrier and, optionally, with a 
pharmaceutically acceptable vector. The pharma- 
ceutically acceptable carriers are determined and 
chosen - as a function of the method of administration 
selected and of the standard practice in the 
pharmaceutical field. Because the proteins are 
subjected to digestion when they are administered 
orally, a parenteral, such as intravenous, subcutaneous 
or intramuscular, administration should normally be 
used to optimize the absorption. The pharmaceutically 
acceptable carriers are described, for example, in 
Remington's Pharmaceutical Sciences 16 th ed. , Mack 
Publishing Co. For example, a parenteral composition 
suitable for administration by injection is prepared by 
dissolving 1.5% by weight of the active ingredient in a 
0.9% sodium chloride solution. It may be necessary to 
combine the antibody with a selected vector which 
allows the antibody to cross the BBB. The 
nontransportable antibody can thus be coupled to a 
transportable vector, such as cationized albumin, 
transferrin, insulin or insulin- like growth factor, or 
to a fragment of said proteins. It has in particular 
already been shown that nontransportable monoclonal 
antibodies (IgG3) , linked to a transporting vector, 
such as transferrin or insulin-like growth factor, not 
only are capable of crossing the BBB, but also that the 
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functional properties of these antibodies are 
conserved. Other studies have already shown that neuro- 
pharmaceutical products can be delivered into the brain 
via liposomes. This approach is also important since it' 
5 offers a mechanism via which any molecule which can be 
encapsulated in a liposome can be directed to the 
brain. 

The antibodies can be administered either as individual 
therapeutic agents, or in combination with other 
therapeutic agents so as to increase and improve the 
treatment. The dosage will of course depend on known 
factors, such as the pharmacodynamic characteristics of 
the specific agent, and on its route of administration, 
but also on factors such as age, weight, frequency of 
treatment and the desired and expected effect. Usually, 
a daily dose for an active ingredient is between 0.01 
and 100 milligrams per kilogram for a human being. 
Normally, 1 to 4 0 milligrams per kilogram per day, 
administered as one or more daily doses, is an 
effective amount for obtaining the desired effect. 

The invention also relates to the use of MSRV/HERV-W 
Env-SU for determining the state of reactivity of blood 
25 mononuclear cells of patients suffering from multiple 
sclerosis or from schizophrenia by assaying cytokines, 
chosen from IL-6, IL-12-p40 and TNF-a. 

Figures 

30 

Figure 1 represents the structures of the Env-pV14 
envelope, of the signal peptide and of the soluble 
fraction of the Env-SU envelope and the amino acid 
sequence of the signal peptide and of the soluble 
35 fraction of the Env-SU envelope. Figure 1 (a) 
corresponds to the structure of Env-Pvl4 (the complete 
envelope protein of MSRV) and to the structure of the 
signal peptide and of the soluble fraction of the 
Env-SU envelope. The soluble fraction of the envelope 
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(Env-SU) corresponds to a fraction of 287 amino acids 
representing the soluble extracellular unit, cleaved at 
position K316 of the complete Env pV14 protein.. Figure 
1 (b) represents the amino acid sequence of the signal 
5 peptide and of Env SU. In Figure 1 (b) , the amino acid 
sequence of the signal peptide is boxed in and the 
soluble fraction of the envelope (Env-SU) is indicated 
in bold characters. The sequence of Env-SU is 
referenced in the sequence identifier as SEQ ID NO: 1. 
10 The complete sequence of the Env pV14 envelope is 
available in GenBank under the accession number 
AF331500. The various parts of the Env pV14 protein are 
generally defined as described now, with reference to 
Figure 1 (a) : 

15 

the signal peptide begins at amino acid 1 and ends 
at amino acid 29 (inclusive) , 

Env-SU begins at amino acid 3 0 and ends at amino 
20 acid 316 (inclusive) , and 

the transmembrane domain begins at amino acid 317 
and ends at amino acid 542 (inclusive) . 

2 5 The calculated average molecular mass of Env-SU is 
equal to 32061.59. Its estimated pi is equal to 9.61. 
Its amino acid composition is as follows: 

Nonpolar amino acids : 





Number 


Percentage 


A 


9 


3 . 14 


V 


16 


5.57 


L 


25 


8 . 71 


I 


13 


4 . 53 


P 


21 


7.32 


M 


7 


2 .44 


F 


11 


3 . 83 


W 


6 


2 . 09 



30 



t 
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Polar amino acids: 





Number 


Percentage 


G 


16 


5.57 


Q 
O 




10.80 


T 


34 


11.85 


C 


12 


4 . 18 


Y 


10 


3 .48 


N 


18 


6.27 


Q 


o 

y 


3 . 14 


Acidic 


amino acids: 






Number 


Percentage 


D 


4 


1.39 


E 




3 .48 


Basic 


amino acids : 






Number 


Percentage 


K 


9 


3 . 14 


R 


12 


4 . 18 


H 


14 


4.88 



Figure 2: Env-SU induces the production of pro- 
inflammatory cytokines in cultures of human PBMCs 
(mononuclear cells) . Figure 2 A represents the 
10 secretion of TNF-a, IL-ip and IL-6, analyzed by ELISA 
assay (enzyme -linked immunosorbent assay) of the 
culture supernatants of PBMCs from normal donors, 
stimulated for 24 hours with increasing doses of Env- 
SU. The results correspond to three independent 
15 experiments. The doses of Env-SU are represented along 
the x-axis (in |ig/ml) . The y-axis corresponds to the 
amounts of cytokines (in ng/ml) . In the curves, the 
symbol ■ corresponds to the secretion of IL-6, the 
symbol • corresponds to the secretion of IL-ip and the 
,2 0 symbol a corresponds to the secretion of TNF-a. In 
Figure 1 B, the PBMCs were stimulated with 1 ng/ml of 
autologous control, of Env-SU, of LPS or of SEB and 
incubated for 24, 48 and 72 hours before analysis of 
the cytokine secretion by ELISA. The x-axes correspond 
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to the time in hours and the y-axes correspond to the 
production of cytokines IFNy, TNFot, IL-6 and IL-ip in 
ng/ml for IFNy and IL-6 (Figures IB (a) and IB (c) ) and 
in pg/ml for TNFot and IL-lp (Figures IB (b) and IB 
5 (d) ) . In this figure, — •— corresponds to Env-SU, --x — 
corresponds to LPS, —a— corresponds to the autologous 
control and — corresponds to SEB. 

Figure 3: The cytokine-stimulating activities of Env-SU 
10 are not due to a contamination with endotoxins. The 
PBMCs were stimulated for 24 hours with the autologous 
control (MOCK) , Env-SU, LPS or SEB. When this is 
indicated, the cells were treated with 10 Jjg/ml of 
Polymyxin B (PdyB) before the stimulation (represented 
15 in black in the figure) . In parallel, the cells were 
also incubated with proteins and toxins boiled (100°C) 
for 3 0 minutes (represented in gray in the figure) . The 
culture supernatants were harvested and tested for the 
release of TNF-a by ELISA. The results presented in 
20 this figure correspond to the mean of three 
experiments. The y-axis corresponds to the amounts of 
TNF-a released, in pg/ml. 

Figure 4: The anti-Env-SU monoclonal antibody (13H5A5) 
25 blocks the cytokine-stimulating activity of Env-SU. The 
PBMCs were stimulated for 24 hours with 1 |ag/ml of the 
autologous control CK2, Env-SU and LPS and preincubated 
or not with 30 jxg/ml of anti-Env-SU monoclonal antibody 
and of anti-Gag monoclonal antibody (3H1H6) . The 
3 0 culture supernatants were harvested and tested for the 
secretion of TNF-a . The results presented in this 
figure correspond to the mean of three experiments. The 
y-axis corresponds to the amounts of TNF-a released, in 
pg/ml . 

35 

Figure 5: Env-SU directly activates purified human 
monocytes. Human monocytes were purified from human 
PBMCs (purity greater than 95%) and were then 
stimulated with the autologous control (Mock) , Env-SU 
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or LPS, at a concentration of 1 jj.g/ml, for 24 hours. 
Figure 5a represents the expression of the activation 
markers CD8 0 (left figure) and CD86 (right figure) 
analyzed by flow cytometry. Represented along the 
5 x-axes is the number of cells counted and along the 
y-axes is the fluorescence intensity per cell 
("counts"). The resultant represents the number of 
cells counted for each fluorescence intensity. The area 
defined by the curves represents the total number* of 

10 cells for each condition tested. The cell distribution 
as a function of fluorescence intensity is shown by the 
appearance of the curve. The white area represents the 
results obtained with the control (Mock) , the shaded 
area, with fine outlines, represents the results 

15 obtained with Env-SU and the shaded area with very 
thick outlines represents the results obtained with the 
LPS. Figure 5b represents the secretions of TNF - a , 
IL-lp, IL- 6 and IL-12p40, analyzed by ELISA. 
Represented in white are the results obtained after 

20 stimulation with the autologous control. The results 
obtained after stimulation with Env-SU and LPS are 
respectively represented in black and gray. The y-axis 
corresponds to the amounts of cytokines secreted, in 
ng/ml. The results represent the mean of three 

2 5 experiments. 

Figure 6: Env-SU activates monocyte-derived dendritic 
cells (MDDCs) . The MDDCs were generated from purified 
monocytes and then stimulated with the autologous 

3 0 control, Env-SU or LPS, at a concentration of 1 j^g/ml, 

for 24 hours. Figure 6a represents the expression of 
the activation markers CD80, CD86, CD40 and HLA-DR, 
analyzed by flow cytometry. Represented along the 
x-axis is the number of cells counted and along the 
35 y-axis the fluorescence intensity per cell ("counts") . 
The top left image represents the analysis of CD8 0, the 
top right image that of CD8 6, the bottom left image 
represents that of CD4 0 and the bottom right image that 
of HLA-DR. The resultant represents the number of cells 
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counted for each fluorescence intensity. The area 
defined by the curves represents the number of total 
cells for each condition tested. The cell distribution 
as a function of fluorescence intensity is shown by the 
5 appearance of the curve. The white area to the left 
represents the results obtained with the control 
(Mock) , the white area to the right, outlined in a 
thicker line, represents the results obtained with 
Env-SU and the shaded area represents the results 

10 obtained with LPS. Figure 6b represents the secretion 
of TNF-a, IL-6, IL-12p40 and IL-12p70, analyzed by 
ELISA, in the culture supernatants . The y-axis 
corresponds to the amounts of cytokines secreted, in 
ng/ml . In the histograms represented in Figure 6b, Mock 

15 corresponds to the results obtained after stimulation 
with the autologous control, Env-SU (in black) 
corresponds to the results obtained after stimulation 
with Env-SU, and LPS (in gray) corresponds to the 
results obtained after stimulation with LPS. Figure 6c 

20 represents the allogenic proliferation of T cells by 
dendritic cells stimulated beforehand with: Env-SU — ■— , 
LPS - - a- - , control CK2 — ©— . The x-axis represents the 
number of dendritic cells (respectively, 0, 1000, 5000 
and 10 000) . The y-axis represents the number of counts 

25 per minute emitted by the cells having incorporated 3 H- 
thymidine . 

Figure 7: CD14 and TLR4 are involved in the pro- 
inflammatory properties of Env-SU. The PBMCs were 

30 preincubated for one hour without or with anti-CD14 
(rhCD14, ref.: AB383, R&D Systems - UK) (Figure 7a) and 
anti-TLR4 (Figure 7b) neutralizing antibodies, at a 
concentration of 20 |ag/ml and 5 |ag/ml . The cells were 
then stimulated for 24 hours with the CK2 control, 

35 Env-SU(ENVl) , LPS and SEB, at a concentration of 
1 [ig/ml. TNF-ot release was analyzed, in the culture 
supernatants, by ELISA. The results are shown in the 
histograms of Figures 7a and 7b. The y-axis corresponds 
to the amount of TNF-ct released, in ng/ml. The 
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histograms in black correspond to the results obtained 
without the addition of antibodies, the histograms in 
white correspond to the results obtained in the 
presence of anti-CD14 and anti-TLR4 antibodies, at 
5 20 |ig/ml, and the histograms in gray correspond to the 
results obtained in the presence of anti-CD14 and anti- 
TLR4 antibodies at 5 |ig/ml . The results correspond to 
the mean of three experiments. 

10 Figure 8: Immunological amplification cascade 

subsequent to the activation of the TLR4 pathway. 
Example of the therapeutic targets in this cascade. 

Figure 8 represents diagrammatically the activation 

15 cascade resulting from the pathological expression of 
an MSRV/HERV-W envelope protein. The latter initially 
stimulates the TLR4 receptor, possibly associating the 
CD14 coreceptor. Before this interaction, there is only 
an agonist, the MSRV-ENV protein. After this 

20 activation, the cells of innate immunity are activated 
and tens of molecular effectors (cytokines, enzymes, 
lipids, free-radical or redox compounds, etc.) and 
activated cells come together. In the case of multiple 
sclerosis, a second component is activated after 

25 destruction of the white matter of the brain and 
presentation of myelin antigens to T lymphocytes, 
namely the autoimmune component associated with the 
autoreactive T cells of adaptive immunity. At this 
stage, hundreds or even thousands of different 

3 0 molecules and cells are involved in mediating the 
immunopathological effects. This typically gives an 
immunopathological amplification cascade whose 
potential bears no resemblance to the initial stimulus 
(MSRV/HERV-W ENV) . 

35 

The treatments available or proposed to date target 
"downstream" of the pro- inflammatory or pathogenic 
agonists among the numerous other agonists present at 
the stage of the amplification cascade where they 
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appeared (examples given with ant i -TNF- alpha 
antibodies, interferon beta and a free-radical 
scavenger molecule such as ferulic acid) . In this 
context, they cannot inhibit the effect of the very 
5 large number of other effectors (molecules and cells) 
which are not sensitive to their pharmacological 
effect. This explains the partial and relative effect 
of many current treatments in a disease such as MS. 

10 Furthermore, these treatments do not prevent other 
cells expressing (under the effect of iterative 
environmental cof actors, for instance herpesviridae) a 
pathogenic MSRV/HERV-W copy from producing pro- 
inflammatory envelope at the same lesional site, or in 

15 another cerebral site, at the same time or at a 
different time (principle of multifocal lesions and 
relapses/remissions which define MS in terms of the 
cerebral space and in terms of the evolution time of 
the disease) . 

20 

Thus, a treatment which inhibits the initial effect at 
a stage of the cascade where not all the downstream 
effectors inducible by the protein-target are produced 
is much more relevant and has a much greater potential 

2 5 effectiveness than the approaches commonly designed and 

used in these pathologies associated with the pro- 
inflammatory effects of this MSRV/HERV-W envelope 
protein. In fact, even if the cascade is activated, it 
will be "dried up" upstream by this therapeutic 

3 0 strategy, whereas the upstream stimulation will 

continue in the other "downstream" therapeutic 
approaches. Finally, in an approach to prevent further 
relapses during the periods of remission of the 
disease, these antibodies can neutralize the 
35 "MSRV/HERV-W ENV" proteins before they set off the 
cascade described here, whereas the other therapies 
targeting the "downstream" molecules or cells can only 
intervene after this inflammatory cascade has been 
triggered into action! 
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Figure 9 : Four key steps for bringing about two 
diseases from the pro- inflammatory effect of the 
MSRV/HERV-W ENV protein: 

5 

(i) two common "upstream" steps: I- activation of TLR4 
receptors and II- local inflammation, 

(ii) two different "downstream" steps: III- neuronal 
10 demyelination or excitotoxicity and IV- multiple 

sclerosis or schizophrenia. 

The envelope protein (Env) is produced by a retroviral 
copy of the MSRV/HERV-W family, in a context of 
15 pathological activation such as, for example, after 
transactivation with an infectious cofactor of the 
herpesviridae family [46-49] in a tissue region 
determined by the tropism of this cofactor and by the 
presence of cells in the target tissue harboring at 

2 0 least one proviral MSRV/HERV-W copy that can be 

activated by this cofactor and that encodes an envelope 
protein. 

This ENV protein thus produced binds to the TLR4 
25 receptor and, depending on the context, to the TL.R4 
coreceptors such as CD14, of the macrophage or 
microgliocyte type cells present in the cerebral tissue 
in the vicinity of the cell producing MSRV/HERV-W ENV 
and/or MSRV virions. If the latter cell is a macrophage 

3 0 or a microgliocyte, it is possible that there will be 

an autocrine effect on the TLR4 receptors of this same 
cell. 

After this step, of interaction with the TLR4 receptor, 
35 the immunopathological amplification cascade creates, 
with the production of tens of pro -inflammatory and 
tissue destruction-mediating molecules, a local 
inflammation in the tissue concerned, around the site 
of MSRV/HERV-W reactivation. 
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After this stage, the situation diverges according to 
whether the MSRV/HERV-W reactivation cofactors and the 
localization of the cells harboring these "responder" 
5 proviruses have converged toward an expression in the 
white matter or in the gray matter. 

In the first case, which determines the pathological 
pathway resulting in a pathology such as schizophrenia, 

10 the induced reactivation or induced overexpression of 
an MSRV/HERV-W element in the vicinity of the neuronal 
structures of the frontal cortex induces a local 
inflammation which, in the gray matter tissue context, 
will not allow a major pro-lesional activity and a 

15 specific immune recruitment. This local inflammation 
will not allow an infiltration of T lymphocytes at this 
level. On the other hand, the pro- inflammatory 
mediators produced in the proximity of the neuronal 
cells responsible for the "intellectual" and cognitive 

20 activities cause a focal neuronal excitotoxicity which 
determines a dysfunction of the associated neuronal 
networks in the affected cerebral space and for the 
period of time during which this pro- inflammatory 
production occurs [17, 20, 22-26, 29, 50, 51] . 

2 5 Depending on the areas affected, the "psychic" 

conditions resulting from the excitotoxic neuronal 
activations are reflected by hallucinatory and 
delirious manifestations which characterize the 
clinicopathological attacks of schizophrenia. In the 

3 0 end, it is known that this neuronal excitotoxicity can 

result in cell death (neurotoxicity) , which is 
objectified by the ventricular enlargement measured by 
MRI in the brain of patients suffering from 
schizophrenia [52] . 

35 

In the second case, which determines the pathological 
pathway resulting in multiple sclerosis, the myelin in 
the white matter is extremely sensitive to free-radical 
and pro- inflammatory agents which generate primary 
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demyeli nation with the presentation of autoantigens to 
the lymphocytes recruited by the prior inflammation. 
Under these conditions, lymphocyte reactivity biases 
are conditioned by the cytokines secreted beforehand by 
5 the microgliocyte/macrophage type cells (Thl bias) , 
which can be sufficient to generate an autoimmune 
response in the face of "self" antigens presented under 
these conditions. However, in addition, it has been 
shown that the whole MSRV envelope protein or the MSRV 

10 virions can exercise a different activity on T 
lymphocytes, namely a superantigenic activity 
characterized by an interaction with the "TCR" 
receptor. The latter property, in this "downstream" 
context where T lymphocytes recruited by the primary 

15 inflammation infiltrate the tissue, ultimately adds a 
polyclonal activation of the T lymphocytes which even 
further promotes the specific autoimmune T lymphocyte 
response to the myelin antigens exposed in the tissue 
damaged beforehand by the primary inflammation. In this 

20 context, a second dimension of the immunopathological 
reaction then occurs with the effects of the 
autoimmunity and of the inflammation mediated by the 
activated T lymphocytes. 

25 Figure 10: Production of cytokines induced by ENV-SU on 
PBMCs from patients suffering from multiple sclerosis 
(MS) and from normal donors (ND) : TNF-alpha, IL-lbeta 
and IL-10 

3 0 Figure 10 represents the cytokine production induced by 
the MSRV ENV-SU protein in the blood mononuclear cells 
(PBMCs) taken ex vivo, firstly, from patients suffering 
from multiple sclerosis (MS) and, secondly, from normal 
donors (ND) . The indication w n=" next to ND or to MS 

3 5 gives the number of individuals tested for each 
population with respect to the cytokine represented. 

The x-axis represents the dosage of the cytokines in 
the stimulated PBMC culture supernatant in ng/ml . Each 
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graph compares the results for each individual tested, 
represented by a point (circle) in each population (ND 
and MS) . The three graphs represent, from left to 
right, the production of tumor necrosis factor (TNF) - 
5 alpha, of interleukin (IL) -lbeta and of interleukin ( IL) - 
10. As was calculated, the results compared between the 
ND and MS populations are not significantly different 
for these three cytokines (not significant, NS) . The 
statistical analysis was carried out with the Student's 
10 t test. 

Figure 11: Production of cytokines induced by ENV-SU on 
PBMCs from patients suffering from multiple sclerosis 
(MS) and from normal donors (ND) : IL-12p4 0 and IL-6 

15 

Figure 11 represents the cytokine production induced by 
the MSRV ENV-SU protein in the blood mononuclear cells 
(PBMCs) taken ex vivo, firstly, from patients suffering 
from multiple sclerosis (MS) and, secondly, from normal 
2 0 donors (ND) . The indication "n=" next to ND or to MS 
gives the number of individuals tested for each 
population with respect to the cytokine represented. 

The x-axis represents the dosage of the cytokines in 

2 5 the stimulated PBMC culture supernatant in ng/ml . Each 

graph compares the results for each individual tested, 
represented by a point (circle) in each population (ND 
and MS) . The two graphs represent, from left to right, 
the production of interleukin (IL) -12p40 and of 
30 interleukin (IL) -6 . As was calculated, the results 
compared between the ND and MS populations are very 
significantly higher in the MS population for these two 
cytokines (p=0.003 for IL-12p40 and p=0.0006 for IL-6). 
The statistical analysis was carried out with the 

3 5 Student's t test. 

Figure 12: Correlations between the cytokine 
productions and the clinical parameters of the patients 
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Figure 12 represents the graphic results of the 
analysis of correlation between clinical parameters of 
the MS population studied (along the x-axis) and the 
amounts of certain cytokines (along the y-axis) 
5 produced in response to the stimulation of their PBMCs 
by the MSRV-SU ENV protein. For each graph, the value 
of "r" represents the statistical calculation of the 
point distribution relative to the correlation line. 
The value of "p" represents the statistical probability 
10 that this correlation is obtained randomly; thus, any 
value of p greater than 0.05 is "nonsignif icant" and 
any value less than 0.05 signifies an existing 
correlation between the factors analyzed. 

15 The two top graphs show the parameters which were found 
with a significant correlation between the clinical 
score of the MS patients, EDSS [53] measured on a 
severity scale of 1 to 10, and IL-6 (on the left) or 
IL12p40 (on the right) . 

20 

The two bottom graphs show two examples of parameters 
which were not found to be significantly correlative: 
the duration of the disease and IL-6 (on the left) , or 
gamma interferon and the clinical score EDSS (on the 
25 right) . 

Figure 13: Spontaneous production (a) or ENV- SU- induced 
production (b) of cytokines in PBMCs from patients 
suffering from schizophrenia (SCZ) and from normal 
30 donors (ND) : IL-10. 

Figure 13 represents the cytokine production induced by 
the MSRV ENV-SU protein in the blood mononuclear cells 
(PBMCs) taken ex vivo, firstly, from patients suffering 
35 from schizophrenia (SCZ) and, secondly, from normal 
donors (ND) . 

The x-axis represents the dosage of the cytokines in 
the stimulated PBMC culture supernatant in ng/ml . Each 
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graph compares the results for each individual tested, 
represented by a point in each population (ND and MS) . 
The two graphs represent, from left to right, the 
spontaneous production of interleukin (IL) -10 in 
5 culture and the production of interleukin (IL) -10 
induced after stimulation with ENV-SU. 

Figure 14: Spontaneous production (a) or ENV-SU induced 
production (b) of cytokines in PBMCs from patients 
10 suffering from schizophrenia (SCZ) and from normal 
donors (ND) , with calculation of the relative increase 
(c) : IL-12p40. 

Figure 14 represents the cytokine production induced by 
15 the MSRV ENV-SU protein in the blood mononuclear cells 
(PBMCs) taken ex vivo, firstly, from patients suffering 
from schizophrenia (SCZ) and, secondly, from normal 
donors (ND) . 

The x-axis represents the dosage of the cytokines in 
the stimulated PBMC culture supernatant in ng/ml . Each 
graph compares the results for each individual test, 
represented by a point in each population (ND and MS) . 
The three graphs represent, from left to right: a) the 
spontaneous production of interleukin (IL) -12p40 in 
culture, b) the production of interleukin ( IL) -10 
induced after stimulation with ENV-SU and c) the 
relative increase in production of IL12p40 calculated 
according to the formula: (amount after ENV-SU 
stimulation - spontaneous amount) / spontaneous amount. 

Figure 15: Identification and selection of anti- 
MSRV/HERV-W ENV monoclonal antibodies which inhibit the 
pro- inflammatory activation of monocyte -macrophages 
35 induced by the ENV-SU protein, in cultures of human 
PBMCs originating from normal donors, a) Analysis with 
two ant i- ENV antibodies and a control antibody 
b) verification of the conditions for specificity of 
the analysis c) example of independent experiment d) 



25 
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■ d) other example of independent experiment : 

Figure 15a represents, along the y-axis, the secretion 
of TNF-alpha (ng/ml) induced by (along the . x-axis) the 
5 "Mock" control protein (1 microgram/ml) , ENV-SU 
(1 microgram/ml) and LPS (1 microgram/ml) , in a culture 
of PBMCs from a normal donor. From left to right for 
each stimulation condition: the white bar represents 
the result in the absence of antibodies, the black bar 

10 represents the result in the presence of anti-MSRV ENV 
antibody 3B2H4 (30 micrograms/ml) , the hashed bar 
represents the result in the presence of anti-MSRV ENV 
antibody 13H5A5 (3 0 micrograms/ml) and the shaded bar 
represents the result in the presence of anti-MSRV GAG 

15 antibody 3H1H6 (30 micrograms/ml) . 

Figure 15b represents, along the y-axis, the secretion 
of TNF-alpha (ng/ml) induced by (along the x-axis) the 
"Mock" control protein (1 microgram/ml) , ENV-SU 

2 0 (1 microgram/ml) and LPS (1 microgram/ml) , in a culture 

of PBMCs from the same normal donor as in 15a. From 
left to right for each stimulation condition: the white 
bar represents the result in the absence of antibodies, 
the black bar represents the result in the presence of 
25 polymyxin B (25 micrograms/ml) and the shaded bar 
represents the result obtained with MOCK, ENV-SU or LPS 
heated at 100 °C for 3 0 minutes, prior to their addition 
to the PBMC culture. 

3 0 Figure 15c represents, along the y-axis, the secretion 

of TNF-alpha (pg/ml) induced by the "Mock" control 
protein illustrated by a white bar (1 microgram/ml) , 
ENV-SU illustrated by a black bar (1 microgram/ml) and 
LPS illustrated by a hatched bar (1 microgram/ml) , in a 
35 culture of PBMCs from a normal donor. From left to 
right for each stimulation condition, the results are 
given for the antibodies indicated along the x-axis: 
ant i- toxoplasma antibody W X" of the same isotype as 
3B2H4 (3 0 micrograms/ml) , anti-MSRV ENV antibody 3B2H4 



(3 0 micrograms /ml) , 
(3 0 micrograms/ml) , 
(3 0 micrograms/ml) , 
(30 micrograms/ml) . 

5 

Figure 15d represents, along the y-axis, the secretion 
of TNF-alpha (pg/ml) induced by the "Mock CK2" control 
protein illustrated by a white bar (1 microgram/ml ) and 
ENV-SU illustrated by a black bar (1 microgram/ml) , in 

10 a culture of PBMCs from a normal donor. From left to 
right for each stimulation condition, the results are 
given for the antibodies indicated along the x-axis: 
ant i -toxoplasma antibody U X" of the same isotype as 
3B2H4 (30 micrograms/ml) , anti-MSRV ENV antibody 3B2H4 

15 (3 0 micrograms/ml) , anti-MSRV ENV antibody 6A2B2 
(3 0 micrograms/ml) , anti-MSRV ENV antibody 3H10F10 
(30 micrograms/ml) and anti-MSRV ENV antibody 13H5A5 
(3 0 micrograms/ml) . 

20 Figure 16: Kinetics of TNF-a production on PBMCs 

PBMCs from normal donors were stimulated with 5Ql of 
buffer (curve with dashed lines and circles) , lag /ml of 
ENV-SU (curve in a thick line with squares) or ldg/ml 
25 of LPS (curve in a thin line with triangles) and 
incubated for 2 h, 24 h or 48 h (x-axis) , before 
analysis of the production of TNF-a by EL ISA (y-axis in 
pg/ml) . 

30 Figure 17: Pro- inflammatory effects of ENV-SU in 
humanized SCID. 

SCID mice weighing approximately 2 5 g were given, as 
indicated along the x-axis, injections of buffer, of 
35 50Dg of ENV-SU per animal or of 50Dg of LPS per animal. 
As also indicated along the x-axis for each type of 
inoculum, the serum or the liquid derived from 
peritoneal lavage (IP) of the mice sacrificed at 2 h, 
24 h and 48 h were analyzed by ELISA. 
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anti-MSRV ENV antibody 13H5A5 

anti-MSRV ENV antibody 3H10F10 

anti-MSRV GAG antibody 3H1H6 
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The graphs on the left represent the dosage of TNF- 
alpha (pg/ml) . The top one represents the dosage of the 
murine cytokine and the bottom one represents that of 
5 the human cytokine . 

The graphs on the right represent the dosage of IL-6 

(pg/ml) . The top one represents the dosage of the 

murine cytokine and the bottom one represents that of 
10 the human cytokine. 

Figure 18: Induction of EAE with the MSRV ENV protein 

Figure 18 represents the results of a preliminary 
15 experiment consisting of induction of EAE with the MSRV 
ENV protein in C57B16 mice. 

The x-axis represents the days after injection. The 
y-axis represents the average clinical score of the 
20 animals studied. 

The curve with the squares represents the positive 
control animals injected with the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen and complete 
25 Freund's adjuvant (containing the extract of 
Mycobacterium tuberculosis) . The study of this series 
was finalized in this case at 18 days. 

The curve with the triangles represents the animals 
3 0 injected with the MOG (myelin oligodendrocyte 
glycoprotein) autoantigen, incomplete Freund's adjuvant 
(not containing the extract of M. tuberculosis) and the 
MSRV ENV-SU protein. The study of this series was 
continued in this case up to 25 days. 

35 

The curve with the diamonds represents the negative 
control animals injected with the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen and 

incomplete Freund's adjuvant (not containing the 
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extract of M. tuberculosis) . The study of this series 
was continued in this case up to 25 days. 



Figure 19: Reproduction of the induction of EAE with 
5 the MSRV ENV protein 

Figure 19 represents the results of an experiment 
confirming the induction of EAE with the MSRV ENV 
protein in C57B16 mice. 

10 

The x-axis represents the days after injection. The 
y-axis represents the average clinical score of the 
animals studied. 

15 The curve with the squares represents the positive 
control animals injected with the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen and complete 
Freund's adjuvant (containing the extract of 
Mycobacterium tuberculosis) . The study of this series 

20 was finalized in this case at 21 days. 

The curve with the triangles represents the animals 
injected with the MOG (myelin oligodendrocyte 
glycoprotein) autoantigen, incomplete Freund's adjuvant 

2 5 (not containing the extract of M. tuberculosis) anci the 

MSRV ENV-SU protein. The study of this series was 
continued in this case up to 42 days. 

The curve with the diamonds represents the negative 

3 0 control animals injected with the MOG (myelin 

oligodendrocyte glycoprotein) autoantigen and 

incomplete Freund's adjuvant (not containing the 
extract of M. tuberculosis) . The study of this series 
was continued in this case up to 42 days. 

35 

The curve with the crosses represents the negative 
control animals injected with the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen, incomplete 
Freund's adjuvant (not containing the extract of M. 
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tuberculosis) and LPS. The study of this series was 
continued in this case up to 42 days. 



Figure 20: Assay at 24 h of the autoimmune response to 
5 increasing doses of MOG autoantigen in mice of the 
"EAE/MOG/ENV-SU" model and in the control immunized 
without ENV. 

The x-axis represents the concentrations of MOG 
10 autoantigen (microgram/ml ) brought into contact with 
the PBMCs of mice sampled in the course of the protocol 
illustrated in Figure 19. The y-axis represents the 
dosage of interferon gamma secreted in vitro by the 
autoimmune T lymphocytes present in the PBMCs brought 
15 into contact with increasing doses of MOG antigen. 

The white bars represent the PBMCs from mice having 
been given an in vivo injection (at day "0" of the 
series illustrated in Figure 19) of the MOG (myelin 
20 oligodendrocyte glycoprotein) autoantigen, incomplete 
Freund's adjuvant (not containing the extract of M. 
tuberculosis) and the MSRV ENV-SU protein. 

The black bars represent the PBMCs of control mice 
2 5 having been given an in vivo injection (at day "0" of 
the series illustrated in Figure 19) of the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen and 

incomplete Freund's adjuvant (not containing the 
extract of M. tuberculosis) . 

30 

Figure 21: Kinetics of the anti-MOG autoimmune 
T lymphocyte response revealed by the secretion of 
interferon gamma in the mice of the "EAE/MOG/ENV-SU" 
model and in the control immunized without ENV. 

35 

The x-axis represents the period post-inoculation of 
the "MOG and adjuvant s" preparation (in hours) at which 
the samples of PBMCs are taken from the mice of the 
series illustrated in Figure 19. The y-axis represents 
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the dosage of interferon gamma secreted in vitro by the 
autoimmune T lymphocytes present in the PBMCs . 



The white bars represent the PBMCs from mice having 
5 been given an in vivo injection (at day "0" of the 
series illustrated in Figure 19) of the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen, incomplete 
Freund' s adjuvant (not containing the extract of M. 
tuberculosis) and the MSRV ENV-SU protein. 

10 

The black bars represent the PBMCs from control mice 
having been given an in vivo injection (at day "0" of 
the series illustrated in Figure 19) of the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen and 

15 incomplete Freund' s adjuvant (not containing the 
extract of M. tuberculosis) . 

Figure 22: Therapeutic activity of the anti-MSRV ENV 
antibodies selected for their inhibitory effect on the 
20 pro- inflammatory activation of ENV-SU, demonstrated in 
an MS model developed and validated in the present 
invention. 

Figure 22 represents the results of an experiment 
2 5 confirming the induction of EAE with the MSRV ENV 
protein in C57B16 mice and the inhibitory effect of the 
monoclonal anti-MSRV/HERV-W ENV antibodies selected 
beforehand in the assay for inhibition of the pro- 
inflammatory activity mediated by TLR4 , induced by the 
30 soluble fragment ENV-SU of the ENV protein. 

The x-axis represents the days after injection. The 
y-axis represents the average clinical score of the 
animals studied. 

35 

The curve with the squares represents the positive 
control animals injected with the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen and complete 
Freund' s adjuvant (containing the extract of 
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Mycobacterium tuberculosis) . The study of this series 
was finalized in this case at 28 days. 



The curve with the triangles represents the animals 
5 injected with the MOG (myelin oligodendrocyte 
glycoprotein) autoantigen, incomplete Freund's adjuvant 
(not containing the extract of M. tuberculosis) and the 
MSRV ENV-SU protein. The study of this series was 
continued in this case up to 28 days. 

10 

The curve with the diamonds represents the negative 
control animals injected with the MOG (myelin 
oligodendrocyte glycoprotein) autoantigen and 

incomplete Freund's adjuvant (not containing the 
15 extract of M. tuberculosis) . The study of this series 
was continued in this case up to 28 days. 

The curve as a dashed line with the crosses represents 
the animals injected with the MOG (myelin 
20 oligodendrocyte glycoprotein) autoantigen, incomplete 
Freund's adjuvant (not containing the extract of M. 
tuberculosis) and the MSRV ENV-SU protein. These 
animals were, in addition, given a dose of 
50 micrograms per kilo, i.e. one microgram for a mouse 

2 5 weighing 2 0 grams, of ant i -MSRV GAG control antibody 

3H1H6. The study of this series was continued in this 
case up to 2 8 days. 

The curve with the circles represents the animals 

3 0 injected with the MOG (myelin oligodendrocyte 

glycoprotein) autoantigen, incomplete Freund's adjuvant 
(not containing the extract of M. tuberculosis) and the 
MSRV ENV-SU protein. These animals were, in addition, 
given a dose of 50 micrograms per kilo, i.e. one 
35 microgram for a mouse weighing 20 grams, of anti-MSRV 
ENV control antibody 3B2H4 . The study of this series 
was continued in this case up to 2 8 days. 

Figure 23 : Amino acid sequences compared between the 
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MSRV. ENV protein (lower line) and the ENV protein 
encoded by the HERV-W 7q copy (upper line) ; the 
sequences boxed in are identical (conserved regions) . 

5 Figure 24: Western blotting analysis. 

Antigenic cross reactivity between the MRSV ENV protein 
and the ENV protein encoded by the env orf of the 
HERV-W copy located ubiquitously on the 7q chromosome, 
10 V14= ENV recombinant protein encoded by the clone MSRV 
pV14, H74= ENV recombinant protein encoded by the clone 
HERV-W7q pH74 . 

3C1D5: monoclonal antibody obtained after immunization 
with recombinant proteins derived from MSRV clones. 

15 

The arrow shows the level of the bands detected. 60 Kda 
indicates the level of the corresponding molecular 
weight . 

20 Figure 25: Analysis of the antigenic properties of the 
ENV-SU protein 

Analysis by Western blotting 

2 5 Figures 2 5 a, b and c represent the analysis of the 

amino acid sequence of the MSRV ENV-SU protein using 
the "Mac Vector" analytical software, with the "Protein 
analysis toolbox" function. The regions boxed in by the 
3 vertical rectangles represent the three most probable 

3 0 antigenic regions according to an analysis of the 

primary and secondary sequences . 

25a, three graphs which illustrate the antigenicity of 
the "ENV-SU" regions. The shaded areas above "0" on the 
35 y-axis have a positive antigenicity, those below do not 
(negative antigenicity) . 

25b, the top two graphs illustrate the hydrophilicity 
of the "ENV-SU" regions. The shaded areas above "0" on 
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the y-axis have a positive hydrophilicity, those below 
have a negative hydrophilicity. 



The bottom graph illustrates the flexibility of the 
5 "ENV-SU" regions. The shaded areas above "0" on the y- 
axis have a positive flexibility, those below have a 
negat ive f lexibil i ty . 

25c, the graph illustrates the surface probability of 
10 the "ENV-SU" regions. The shaded areas above xx 0" on the 
y-axis have a positive flexibility, those below have a 
negative surface probability. 

EXPERIMENTAL SECTION 

15 

In vitro studies 
Materials and methods 

2 0 Proteins and toxins 

The surface protein of the MSRV envelope (Env-SU) 
corresponds to a protein sequence of 2 87 amino acids of 
the total envelope protein (Env Pvl4, GenBank 

2 5 AF3 315 00) . The structures and the amino acid sequences 

of Env Pvl4 and of Env-SU are respectively represented 
in Figures 1 (a) and 1 (b) . The recombinant MSRV Env-SU 
protein is expressed in E. coli and purified on an FPLC 
column. The quality and the purity of the protein are 

3 0 confirmed by mass spectrometry and Western blotting. 

Casein kinase is used as an autologous negative 
control. This control protein was produced and purified 
under the same conditions as Env-SU. 

3 5 The two proteins are tested for the presence of 
endotoxins by means of a Limulus amebocyte lysate (LAL) 
test carried out by the company CleanCells (Bouffere, 
France) . All the fractions are below the detection 
threshold of 5 IU/ml . The staphylococcus enterotoxin B 
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(SEB) obtained from Toxin Technology (Sarasota, Fl , 
USA) was 95% pure. The lipopolysaccharicie (LPS) of 
E. coli strain 02 6 :B6 is obtained from Sigma Aldrich. 

5 Culture medium 

The culture medium is the RPMI 1640 medium (Gibco) 
supplemented with: 

10 1% L-glutamine (Sigma-Aldrich) , 

1% penicillin/streptomycin (Sigma-Aldrich) , 

1% sodium pyruvate (Sigma-Aldrich) , 

1% nonessential amino acids (Sigma-Aldrich) , and 

10% heat -inactivated FCS (fetal calf serum) 

15 (BioWest) . 

For the T cell proliferation assays, a human AB serum 
(Sigma-Aldrich) was used instead of the FCS. 

20 Isolation of the cells and preparation 

Human peripheral blood mononuclear cells (PBMCs) are 
isolated from normal donors by Ficoll Paque density 
gradient centrif ugation . The monocytes of the PBMCs are 

25 purified by removing the T cells, the B cells, the 
dendritic cells, the NK cells and the basophils using 
the monocyte isolation kit sold by the company Miltenyi 
Biotec. In summary, the PBMCs are first incubated with 
a cocktail of monoclonal antibodies and of anti-human 

3 0 immunoglobulin conjugated to a hapten and labeled 
magnetically (anti-CD3, anti-CD7, anti-CD19, anti- 
CD4 5RA , ant i - CDS 6 and ant i - IgE ) , and then with 
microbeads (MACs MicroBeads) coupled to ant i -hapten 
monoclonal antibodies. The magnetically labeled cells 

3 5 are finally removed by retaining them on a column in a 
magnetic field. The purity of the monocyte population 
recovered is always greater than 95%, as determined by 
the expression of CD14 by flow cytometry analysis. For 
the generation of monocyte -derived dendritic cells 
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(MDDCs) , the purified monocytes are cultured for 5 days 
on 6-well plates containing IL-4 at 25 ng/ml and GM-CSF 
at 50 ng/ml in 2 ml of culture medium. At day D3 of the 
culture, the complete amount of cytokines is added to 
5 the cells. As shown by morphological analysis and by 
flow cytometry, the resulting cell preparation contains 
more than 90% of CDla-posit ive dendritic cells. 

Cell stimulation 

10 

The cells . (PBMCs, monocytes or MDDCs) are placed in 24- 
well plates, at a concentration of 1 x 10 6 cells per 
well, in 1 ml of culture medium before stimulation with 
Env-SU, LPS, SEB or the autologous control. They are 

15 then incubated at 3 7 °C in a humidified atmosphere at 5% 
C0 2 . When indicated, the cells were preincubated either 
with 10 |ig/ml of polymyxin B (Sigma-Aldrich) , 20 jag/ml 
and 5 ng/ml of anti-CD14 monoclonal antibody, 2 0 jig/ml 
and 5 jag/ml of anti-TLR-4 antibody (HTA125, 

20 eBioscience) or with a control IgG of 2a isotype 
(IgG2a) (eBM2a, eBioscience) before the cell 
stimulation. In certain experiments, Env-SU, the 
autologous control, LPS and SEB are boiled for 3 0 
minutes before the cell treatment. 

25 

In order to determine the specificity of the results, 
1 jig of Env-SU, LPS, SEB and of the autologous control 
is preincubated at 4°C for 1 hour with 30 (j.g/ml of 
monoclonal antibodies directed either against Env-SU 
3 0 (13H5A5; IgGl ; biomerieux) or against GAG (3H1H6; IgGl , 
biomerieux) . 

Next, the cells are incubated for 24 hours at 37°C, and 
the culture supernatants are then harvested for 
35 analysis of the secretion of TNF-oc, IL-1{3 and IL-6 by 
ELISA. 

T cell proliferation assays 
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The stimulated monocytes and MDDCs are used as T-cell 
stimulators. The allogenic T cells are used at 1 x 10 5 
cells per well, as "responder" cells, in 96-well round- 
bottomed microplates. The stimulator cells are added to 
5 the T cells in increasing doses and the cultures are 
carried out in triplicate in a final volume of 200 \xl 
of culture medium. After incubation for 5 days at 37 °C, 
the T cell proliferation is evaluated by measuring the 
radioactivity incorporated. To do this, in the final 
10 18 hours of incubation, 1 |iCi of 3 H thymidine is added 
to each well. The cells are then recovered on glass 
filter layers in order to measure the radioactivity 
incorporated. 

15 Labeling by immunofluorescence and flow cytometry 

The cells are harvested, washed in PBS and then stained 
for different surface markers. The following monoclonal 
antibodies (Becton-Dickinson, San Jose, CA) were used: 
20 anti-CDla allophycocyanin (HI149-APC) , anti-CD14 
fluorescein isothiocyanate (M0P9-FITC) , CD40 

phycoerythrin (5C3-PE), CD80 phycoerythrin (L307 . 4-PE) , 
CD86 phycoerythrin (IT2.2-PE) and HLA-DR peridine 
chorophyll (L24 3-PerCP) . 

25 

The direct immunofluorescence staining of the cells is 
carried out in ice-cooled PBS supplemented with 2% FCS, 
with the various antibodies at the concentrations 
recommended by the manufacturers. After 3 0 minutes at 
3 0 4°C, the cells are washed and then analyzed using a 
FACS Calibur (trade name) and the CellQuest software 
(trade name) (Becton Dickinson) . 

Cytokine -product ion assays 

35 

The culture supernatants are collected and conserved at 
-20 °C before analysis of the cytokine secretion. The 
amounts of cytokines are measured using the OptEIA 
(trade name) ELISA kits (Pharmigen) for IL-lbeta, IL-6, 
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IL-10, IL-12p40, IL-12p40 and TNF-alpha, observing the 
manufacturer' s instructions . 



Results 

5 

Env-SU induces the production of the pro- inflammatory 
cytokines from human PBMCs . 

The ability of the recombinant Env-SU protein to 

10 stimulate the secretion of cytokines in the PBMC 
cultures was tested. The PBMCs from normal donors were 
incubated for 24 hours with increasing doses of the 
recombinant Env-SU protein and the secretion of the 
cytokines TNF-ct, IL-lf} and IL-6 was evaluated by ELISA. 

15 The amounts of cytokines secreted were compared with 
those obtained with the autologous control, SEB (a 
well -characterized bacterial superantigen) and LPS, 
well known to have pro-inflammatory properties on human 
PBMCs. All the proteins and the toxins were used at a 

2 0 concentration of 1 fig/ml (optimal concentration for the 
induction of pro -inflammatory cytokines, determined by 
dose/response experiments) . The results show that Env- 
SU induces the secretion of the three cytokines in a 
dose -dependent manner, even at doses as low as 

25 10 ng/ml. As shown in Figure 2, the cytokine secretion 
kinetics obtained with Env-SU are closer to those of 
LPS than those of SEB. In fact, the stimulation with 
Env-SU under the conditions of the in vitro assay 
developed and described here differs entirely from the 

30 superantigenic stimulation represented here with the 
SEB antigen: (i) no early secretion of interferon gamma 
(which signals the activation of T lymphocytes, 
specifically recognized at the level of the T-cell 
receptor (TCR) by the superantigens, (ii) substantial 

35 and early secretion of IL-6 (secreted by the monocytes- 
macrophages and not by the T lymphocytes) and of TNF-a, 
which are not produced under the conditions of our in 
vitro assay with a superantigen (as shown here with the 
example of SEB) . Furthermore, the examples showing the 



activity, on the purified monocytes and the dendritic 
cells, of the MSRV/HERV-W Env protein, via its Env-SU 
region, confirm that these effects do not involve the 
TCR, which is not present on these cells, and therefore 
5 that the specific pro- inflammatory effect described 
here is indeed different from the pro- inflammatory 
activation caused by a superantigen function which, by 
definition, involves binding to the TCR and T 
lymphocytes. The pro- inflammatory activation pathway of 

10 the MSRV/HERV-W Env protein claimed here involves the 
"Toll-like receptor 4" (TLR4) , optionally with the 
assistance of its coreceptor CD14, which is activated 
upstream of the activation of T lymphocytes, as 
illustrated in Figure 8. This pro- inflammatory (TLR4) 

15 pathway mobilizes the "innate" component of the immune 
system, which is mobilized well upstream of the T- 
lymphocyte-related immunity (adaptive immunity) . This 
upstream pathway can, after activation of the dendritic 
cells, influence, downstream, the state of activation 

2 0 of the adaptive immunity (Thl or Th2) profiles, by 

means of the cytokines secreted in response to the 
activation of a receptor of innate immunity, such as 
TLR4 . The latter effect shows, besides the fact that 
the innate immunity pathway is activated upstream of 

25 the T-lymphocyte-mediated adaptive immunity, that even 
the resulting downstream effect on the T lymphocytes 
does not involve the TCR receptor. This clearly 
illustrates the difference between the effect of the 
MSRV/HERV-W Env (Env-SU) protein observed at this level 

30 (TLR4) and the superantigen effect (illustrated by the 
SEB superantigen in this example) which involves the T 
lymphocyte receptor (TCR) . Now, the TLR4 pathway 
excludes a primary activation of T lymphocytes at this 
stage and therefore involves other cells (monocyte- 

3 5 macrophages, dendritic cells, B lymphocytes) . The 

activation pathway observed here is therefore upstream 
of the superantigen effect, which corroborates the 
kinetics which correspond to the reference "LPS" rather 
than "SEB" in the cell assay used here. 
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In fact, Env-SU and LPS are capable of inducing the 
secretion of large amounts of TNF-a, of IL-6 and of 
IL-ip right from 24 hours, whereas SEB induces only the 
secretion of TNF-a, even after 72 hours of incubation. 
It is interesting to note that Env-SU and LPS reach 
their TNF-a secretion peak, whereas SEB induces a 
constant secretion of TNF-a. With respect to IL-lp, 
Env-SU and LPS induce a secretion profile similar to 
that of TNF-a, characterized by a secretion peak around 
24 hours of incubation followed by a constant decrease. 
SEB, which is known to activate a large population of T 
lymphocytes bearing the same TCR vp specificity, does 
not induce any IL-lp. IL-6 is secreted constantly by 
the PBMCs stimulated with Env-SU and LPS, but not with 
SEB. IL-6 and IL-ip are two cytokines preferentially 
released by activated monocytes/macrophages. These data 
show that, in a manner similar to that of LPS, Env-SU 
targets the cells of the innate immune system, such as 
monocytes and macrophages, for the release of pro- 
inflammatory cytokines, and that T lymphocytes are not 
targeted at this level of activation. 

To eliminate the possibility of a contamination with 
endotoxins of the Env-SU recombinant protein, the human 
PBMCs were either treated with an LPS inhibitor, 
polymyxin B (PB) , before stimulation, or incubated with 
boiled proteins and toxins. In parallel, an autologous 
control produced and purified under the same 
conditions, with the same reactants and material: human 
casein kinase CK2 , was also added. 

After incubation for 24 hours, the culture supernatant s 
were harvested and analyzed for TNF-a secretion. As 
shown in Figure 4, the TNF-a induced by Env-SU and SEB 
is only partially inhibited by PB, whereas the effects 
of LPS are completely abolished. The control autologous 
protein does not induce any cytokine secretion. The 
release of TNF-a is also inhibited significantly when 
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the. Env-SU proteins are boiled for 30 minutes, whereas 
the LPS activity is not affected. This is in accordance 
with the negative results obtained during the quality 
control analysis carried out both on purified samples 
5 of Env-SU and of the autologous control using the LAL 
test, approved by the Food and Drug Administration. 

These results demonstrate that the pro- inflammatory 
effects observed early on are not due to a 
10 contamination with endotoxins and that the component 
responsible for these effects is indeed a protein. 

To confirm the specificity of the pro-inflammatory 
properties of Env-SU, the effects of monoclonal 
antibodies were studied. The PBMCs were incubated for 
24 hours with the autologous control, Env-SU or LPS 
preincubated at 4°C for 1 hour either with a monoclonal 
antibody directed against Env-SU, or with a monoclonal 
antibody directed against Gag. The Gag protein used to 
develop this monoclonal antibody does not exhibit any 
pro- inflammatory activity and constitutes an 
appropriate control. As shown in Figure 4, the anti- 
Env-SU monoclonal antibody specifically blocks the 
secretion of TNF-a mediated by Env-SU, but not that 
mediated by LPS. The secretion of cytokines is not 
affected by the anti-Gag monoclonal antibody. These 
results demonstrate the specificity of Env-SU on the 
induction of cytokines and the cell activation. 

30 Env-SU has the ability to induce pro- inflammatory 
cytokines in PBMC cultures. It has subsequently been 
verified that Env-SU is capable of directly activating 
purified monocytes. The purified monocytes were 
stimulated with the autologous control, Env-SU or LPS 

35 for 24 hours and various activation markers, such as 
CD80 and CD86 were evaluated by flow cytometry. 
Compared with the autologous control, Env-SU induces an 
upstream regulation of the two markers and the 
expression levels obtained are similar to those with 



15 



20 



25 



LPS (Figure 5a) . Large amounts of TNF-ot, of IL-lp, of 
IL-6 and of IL-12p40 are produced in response to Env-SU 
(Figure 5b) . These results show that Env-SU induces a 
rapid and direct activation of monocytes, associated 
with a production of pro- inflammatory cytokines. 

The dendritic cells are antigen-presenting cells 
linking innate immunity and adaptive immunity with the 
unique ability to control the activation of naive T 
cells. The ability of Env-SU to directly activate 
monocyte -derived dendritic cells (MDDCs) was studied. 
The dendritic cells were generated, in vitro, from 
highly purified monocytes stimulated for 24 hours with 
the autologous control, Env-SU or LPS. Env-SU is 
capable of drastically increasing the activation of the 
CD80, CD86, CD40 and HLA-DR markers (Figure 6a). The 
pro- inflammatory cytokines IL-6, TNF-a, IL-12p40 and 
IL-12p70 are secreted at higher levels. It is shown 
that MDDCs stimulated with Env-SU are capable of 
inducing allogenic proliferation of T cells to a 
greater degree than the autologous control, even when 
the number of stimulatory cells is low (Figure 6c) . 
Therefore, similarly to LPS (positive control) , Env-SU 
is capable of inducing the maturation of dendritic 
cells secreting IL-12 and is therefore capable of 
inducing primary specific immune responses. 

To determine whether Env-SU uses the same activation 
pathway as LPS, the levels of TNF-a, secreted by human 
PBMCs after stimulation, with or without preincubation 
with anti-CD14 or anti-TLR4 neutralizing antibodies, 
were measured. The results presented in Figure 7a show 
that the blocking of CD14 results in a significant 
dose -dependent inhibition of Env-SU and of the 
secretion of TNF-a mediated by LPS (83% and 56% 
respective inhibition with 20 jxg of anti-CD14 
antibodies) . SEB, which is known to activate T cells 
and antigen-presenting cells via the T cell receptor 
and HLA-DR, is not inhibited. The blocking of TLR4 
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results in a 37% inhibition with respect to the effects 
of Env-SU and a 43% inhibition with respect to the 
effects of LPS, with 20 |og of anti-TLR4 antibodies 
(Figure 7b) . No inhibition effect is observed for the 
5 control antibodies in the two experiments. The CD14 and 
TLR4 receptors are therefore involved in the pro- 
inflammatory properties mediated by Env-SU. 

In conclusion, the soluble fraction of the MSRV/HERV-W 
10 envelope protein stimulates an innate immune response 
via the CD14 and TLR4 recognition receptors and it is 
shown in the present invention that the 
immunopathological cascade that results in inflammatory 
lesions can be blocked at a very early stage by 
15 administration of a therapeutic composition or 
medicament comprising at least one antibody chosen from 
anti-Env-SU and/or anti-TLR4 antibodies. 

Thus, in the present invention, after having tested 
2 0 various monoclonal antibodies produced by bioMerieux 
against the MSRV/HERV-W envelope proteins, the cell 
assay set up and developed in the present invention 
made it possible to identify those which have the 
property of inhibiting the pro- inflammatory- effect 

2 5 activating the TLR4 pathway and to select, among the 

inhibitory antibodies, those which have an inhibitory 
potential closest to 100%. Among these antibodies, the 
antibodies 3B2H4 and 12H5A5 are the preferred 
antibodies . 

30 

It has thus been possible to identify the properties of 
inhibition of the early pathways of inflammation which 
are involved in pathologies such as MS and SCZ at a 
level a long way upstream of a pathogenic cascade which 

3 5 diverges further downstream in the processes of these 

two diseases, as is illustrated in Figures 8 and 9. 

The usefulness of these antibodies, corresponding to 
the definitions given above, for the preparation of a 
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pharmaceutical composition or of a medicament therefore 
obviously emerges since they make it possible to block, 
a long way upstream, a pathogenic cascade in 
pathologies such as MS or SCZ. Their advantage is also 
5 demonstrated by their inhibitory effect which lies 
before the interaction with the TLR-4 receptor, since 
the inhibition is equivalent to that obtained with the 
anti-TLR4 antibody in the same cell assay dedicated to 
the study of its early activation. This effect upstream 

10 of the activation of T lymphocytes thus makes it 
possible to block a pathological agonist which, at this 
stage, is common to autoimmune pathologies such as MS 
and non- autoimmune pathologies such as SCZ (cf.: Figure 
9). Thus, the antibodies of the invention make it 

15 possible to block, upstream, pathogenic cascades which 
differ downstream in patholdgies such as MS and SCZ. 
Figure 8 shows the target toward which the antibodies 
of the invention are directed in the pathogenic cascade 
of MS, which anticipates all the targets toward which 

2 0 the existing therapeutic agents are currently directed. 

In fact, at the stage at which the antibodies of the 
invention intervene, there is only one agonist 
(MSRV/HERV-W Env) and one receptor (TLR4) , whereas, 
after activation of the receptor, hundreds of agonists 
25 in the form of bioactive molecules (cytokines, enzymes, 
free radicals, etc.) become involved in the 
inflammatory process, and then, in the case of MS, 
thousands of molecular and cellular agonists become 
involved after the phase consisting of activation of 

3 0 autoimmune T lymphocyte clones. In the case of 

schizophrenia (SCZ) , it is not the T lymphocytes which 
are activated in an autoimmune pathway, but the pro- 
inflammatory mediators produced after the activation of 
the TLR4 pathway in a cell of the brain gray matter 
3 5 which cause excitotoxicity at the level of the adjacent 
neurons. These phenomena of excitotoxicity induced by 
the pro- inflammatory molecules are well described and 
cause an abnormal release of neuromediators which, in 
the frontal cortex of an individual, cause 



- 48 - 

hallucinatory phenomena. It is even more advantageous 
to realize that these excitotoxic phenomena often 
result in a neurotoxicity which is reflected by 
neuronal death. Now, this neuronal death is known in 
5 SCZ and is objectified by virtue of ventricular 
enlargements typically visualized by MR I imaging in 
patients at an advanced stage of the pathology. In 
fact, the progressive loss of neurons in the brain of 
these patients is compensated for by an increase in the 

10 volume of the brain ventricles, which becomes 
detectable by MR I after a certain period of evolution 
of the disease. Figures 8 and 9 therefore clearly 
illustrate the fact that the anti-Env antibodies 
identified and selected by means of the cell assay 

15 developed in the context of the present invention 
really block the "primary" stimulus most upstream in 
this cascade, after the activation of one or more 
pathogenic copies of the MSRV/HERV-W family. 

20 In order to confirm even more precisely the association 
between the expression of an envelope protein (Env) of 
the MSRV/HERV-W retroviral family and the MS and SCZ 
pathologies, studies were carried out using the innate 
immunity activation assay described in the present 

25 invention, in ' order to search for a bias in 
immunological activation in MS or SCZ patients, 
compared with normal controls. 

Ex vivo studies 

30 

Ex vivo study in patients suffering from multiple 
sclerosis (MS) 

Env- SU- induced IL-6 secretion is increased in blood 
35 mononuclear cells taken ex vivo from MS patients and 
correlates with their clinical score (EDSS) . 

In this study, the reactivity with respect to Env-SU of 
PBMCs from MS patients and from normal donors was 
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compared. Thirty- two patients were included, twenty- 
being in the acute phase and 12 in the stable phase 
according to an analysis made by MRI . Their level of 
disability was also determined according to the EDSS 
5 (extended disability score) criteria. In parallel, 
19 normal donors were tested. Briefly, lxlO 6 PBMCs were 
incubated by Env-SU or with the Mock control for 
.24 hours, and then the culture supernatants were 
analyzed for the secretion of cytokines such as IFN-y, 

10 TNF-ot, IL-lp, IL-6 and IL-10. The results obtained 
(Env-SU - Mock) were first of all compared between the 
groups. No significant difference was observed for 
IFN-y, TNF-cc, IL-lp and IL-10 (Figure 10) . On the other 
hand, considerable differences were obtained with IL-6 

15 and IL12p4 0, which are increased in the patients 
(Figure 11) . Furthermore, a positive correlation was 
observed between the level of secretion of IL-6 or of 
IL-12p40 obtained and the clinical score of the 
patients (Figure 12) . No other correlation was obtained 

20 with other cytokines or clinical data (age, sex, 
treatment). In Figure 12, the absence of correlation 
between the induced IL-6 and the duration of the 
disease, and also the absence of correlation between 
interferon gamma and the EDSS are given as an example. 

25 

As regards the interferon gamma which is here secreted 
exclusively by the T lymphocytes, it is very 
interesting to note that, contrary to the cytokines 
associated with innate immunity, secreted here by the 

3 0 monocytes/macrophages, it does not correlate with the 
clinical score (EDSS) . This clearly shows that, as was 
demonstrated in vitro with the cell assays, the effect 
revealed ex vivo clearly correlates an effect which is 
not mediated at this stage by T lymphocytes, and is 

35 therefore not related to a superantigen effect. 



These results suggest that MS patients exhibiting the 
most advanced clinical signs (high EDSS) are 
"hypersensitive" to retroviral factors such as Env-SU, 
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but may also suggest a role for Env-SU in the 
pathogenesis of MS via the pro -inflammatory cytokines 
and lit- 6. 

5 This confirms the data obtained with the MSRV viral 
load in the CSF of MS patients, in the study by Sotgiu 
et al . [10], which showed a gradual increase in the 
MSRV viral load with the worsening of the disease. 
According to the results of the invention, the response 

10 induced by the MSRV envelope protein increases, in a 
correlated manner, with the seriousness of the disease, 
measured by EDSS . These two independent studies carried 
out ex vivo on MS patients, with different approaches 
(firstly, assaying of MSRV nucleic acids by RT-PCR and, 

15 secondly, assaying of an immunological response to the 
MSRV envelope protein) confirm the association between 
the process of the disease itself and the MSRV 
retrovirus . 

2 0 Ex vivo study in patients suffering from schizophrenia 

(SCZ) 

Env-SU- induced IL-12p40 secretion is increased in the 
blood mononuclear cells taken ex vivo from SCZ 
25 patients, and, in addition, makes it possible to 
identify, at the highest levels, a subpopulation of 
patients resistant to ant i- psychotic therapeutics 
and/or having particularly evolutive forms of SCZ. 

3 0 In this study, the reactivity with respect to Env-SU of 

PBMCs from SCZ patients and from normal donors was 
compared. Twenty-five patients were included. In 
parallel, 15 normal donors were tested according to a 
protocol identical to that of the previous study with 
35 MS patients. 

The culture supernatant s were analyzed for the 
secretion of cytokines such as TNF-a, IL-12p40, IL-lp, 
IL-6 and IL-10. At this stage of the study, a notable 
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difference was observed between some of the patients 
suffering from SCZ and all the controls, for various 
cytokines tested. The results are presented in Tables 1 
and 2 which follow. Table 1 represents the various 
5 normal donors, whose code is indicated in the lines of 
the first column with, in each line, the amounts in 
ng/ml assayed for the various cytokines indicated at 
the top of the column with . the two conditions indicated 
in the following line for their respective columns 

10 (Mock and ENV-SU stimulation) . Table 2 represents the 
various MS patients, whose code is indicated in the 
lines of the first column with, in each line, the 
amounts in ng/ml assayed for the various cytokines 
indicated at the top of the column with the two 

15 conditions indicated in the following line for the 
respective columns (Mock and ENV-SU stimulation) . In 
Tables 1 and 2, the bottom two lines (mean and St Dev) 
indicate, respectively for each column, the mean and 
the standard deviation of the data measured. 

20 

Table 1 : 





TNF-a 




IL-6 




IL-10 




IL-12P40 




0.-1D 






Uock 


ENV1 


Mock 


ENV1 


Mock 


EN VI 


Mock 


ENV1 


Mock 


ENV1 


ND 151003 


24 


600 


216 


3483 


12 


59 


0 


245 


38 


1149 


ND 291003 


14 


1491 


168 


14230 


14 


337 


0 


398 


32 


1677 


ND 011003 


114 


869 


3727 


12141 


38 


478 


1 


89 


214 


1712 


ND 300402 


1B 


58 


172 


601 


20 


21 


9 


31 


69 


183 


ND 020702 


0 


139 


111 


1028 


33 


44 


5 


16 


99 


392 


NO 180602 


48 


264 


92 


1816 


16 


32 


20 


57 


110 


424 


ND 070801 


0 


124 


64 


1028 


6 


31 


20 


42 


25 


235 


NO 180901 


1 


228 


39 


2328 


7 


60 


0 


113 


21 


651 


NO 080701 


30 


260 


345 


3263 


17 


155 


8 


38 


33 


277 


NO 110801 


0 


328 


70 


7352 


14 


214 


11 


169 


9 


587 


ND 230801 


7 


58 


77 


882 


20 


30 


4 


57 


52 


168 


ND 190603 


ND 


ND 


21 


123 


0 


8 


1 


12 


16 


58 


ID 180602 (H 


15 


541 


30 


7569 


6 


171 


11 


107 


8 


723 


ND2fH 


ND 


ND 


2870 


8883 


125 


187 


124 


291 


ND 


ND 


NO 140504 


ND 


ND 


183 


803 


ND 


ND 


8 


8 


ND 


ND 


Mean 


22.58 


41333 


54730 


436830 


2132 


13038 


1437 


11230 


653S 


63431 


SI Dev 


2034 


30734 


73173 


377633 


17.18 


10835 


16.00 


8733 


4133 


42131 
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Table 2 : 









tb*6 




B--10 




IL-I2p40 




&»ib 






Moek. 










ENVI 


Mocfc 


ENVI 






1 


40 


475 




3491 


823 


25,6 


.., ...St? 


302 ~ 


g 




2 


40 


1570 


787 


21856 


73 








843 




3 


587 




1 1 9SB ^ 




124.6 


800 


^ 








6 


33 








88J9 






152 


46 


1469 


9 


40 


238 


338 


2819 


H 5 , , 


22 


63 


24 


111 




10 


10 


310 


527 


7552 




216 


2. 


75 




458 




4<| 


650 


769 


22510 ' 




769 


87 


158 


70 


1614 


13 


1031 


2840 


27022 


38290 


94 


680 


271 


481 


2396 


10309 


P2 


NT 


NT 


738 


2857 


34.01 


68.75 


3 


12 


NT 


NT 


P3 


NT 


NT 




12521 


193 


269 


32 


93 


NT 


NT 


P4 


NT 


NT 


3481 


14305 


189 


273 


72 


64 


NT 


NT 


PS 


NT 


NT 


803 


4141 


33 


133 


13 


210 


NT 


NT 


P8 


NT 


NT 


579 




14 


109 


7 


28 


NT 


NT 


Pi 6 


NT 


NT 


787 


1009 


6 


18 


0 


9 


NT 


NT 


P17 


NT 


NT 


113 


432 


0 


0 


o 


0 


NT 


NT 


P18 


NT 


NT 


3168 


10755 


125 


236 


2 


44 


NT 


NT 1 


P20 


NT 


NT 


57 


80 


0 


0 


10 


0 


NT 


NT 


P22 


NT 


NT 


2461 


8793 


40 


134 


26 


107 


NT 


NT 


P23 


NT 


NT 


880 


837 


0 


0 


0 


9 


NT 


NT 


P24 


NT 


NT 


B96 


6833 


6 


101 


4 


38 


NT 


NT 


P27 


NT 


NT 


3039 


6816 


132 


230 


67 


49 


NT 


NT 


P28 


NT 


NT 


99 


135 


2 


7 


3 


11 


NT 


NT 


P30 


NT 


NT 


2332 


>15000 


189 


7B5 


26 


734 


NT 


NT 


P32 


NT 


NT 


>15000 


>15000 


233 


805 


40 


584 


NT 


NT 


P33 


NT 


NT 


>16000 


>15000 


249 


452 


11 


18 


NT 


NT 


Mean 


224,75 


1110-38 


2723X4 


S76636 


82-07 


26237 


39.02 


16838 


46338 


3434.50 


StDsv 


292.13 


679*7 


289737 


7479.22 


64.68 


220-86 


3933 


170.02 


61431 


296833 



5 Compared with the MS population previously studied, a 
difference is already observed spontaneously in culture 
for certain patients (illustrated in Figures 13 and 14 
for IL-10 and IL-12p40. This attests to an unexpected 
datum, namely that, although SCZ is not a systemic 

10 inflammatory disease, and even less an autoimmune 
disease, certain SCZ patients exhibit a degree of 
spontaneous immunological activation in their PBMCs 
which exceeds both that of the normal controls and that 
of the MS patients under the same conditions. This 

15 introduces an important datum into the notion of 
systemic activation of immunity in these patients and 
therefore confirms the reality of this pro- inflammatory 
immunological component in this disease. 

2 0 The response to the stimulation with Env-SU is, 
overall, further increased in the series of SCZ 
patients, and certain patients respond with cytokine 
secretion levels that are clearly greater than the mean 
of the normal controls and even sometimes greater than 

25 the maximum observed in the series of controls - (as 
illustrated in Figures 13 and 14, for IL-10 and IL- 
12p40) . This also confirms that the response to Env r SU 
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. is significantly : increased in certain patients 
suffering, from SCZ and that Env-SU is therefore capable 
of revealing an immunological bias involving the 
components of innate immunity activated via the TLR4 
5 pathway, in some of these patients whose clinical 
status coincides. 

However, in these patients, the increase, after 
stimulation with Env-SU, relative to the spontaneous 

10 cytokine level (stimulated level - spontaneous 
level /spontaneous level) is, overall, less in the SCZ 
patients than in the normal controls; this being the 
case even when the level of secretion induced by ENV-1 
exceeds that of all the normal controls (as illustrated 

15 in Figures 14 b and c, for IL-12p40) . This introduces a 
new element with regard to that which has been 
described in a pathology such as MS, in relation to the 
etiopathogenic role of a retroviral element of the 
MSRV/HERV-W family. In fact, the role of a retroviral 

2 0 element of this MSRV/HERV-W family in SCZ has also been 

demonstrated and confirmed by several independent teams 
with different approaches [3, 14, 31, 54], but SCZ is 
not a disease with an autoimmune pathological component 
like MS. Thus, the results obtained with the Env-SU 
25 protein on the PBMCs from SCZ patients show that, 
although the consequences downstream of the 
immunological activation which concern T lymphocytes 
(cells responsible for autoimmunity) are different from 
MS, a pathway of early activation of innate immunity 

3 0 involving the TLR4 receptor (which is not present in T 

lymphocytes) may nevertheless constitute an initial 
pathogenic pathway, between these two diseases and the 
MSRV/HERV-W retroviral family. 

3 5 As was previously mentioned, the role of an MSRV/HERV-W 
envelope protein in these patients now becomes 
objectified by the specific immunological reactivity of 
their blood mononuclear cells (PBMCs) with respect to 
the Env-SU protein. 
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The most advantageous and the most relevant differences 
with regard to the clinical data of patients suffering 
from SCZ, at this stage of the study, were observed for 
5 IL12p40 (Figure 14) . 

In fact, it was verified that the patients exhibiting 
one of the highest Env-SU- induced IL-12p40 levels 
(here, greater than 4 00 pg/ml , therefore at the maximum 
10 level of the normal controls tested in this series) 
comprise all the patients resistant to the 
antipsychotic therapeutics of the series tested and 
with particularly evolutive forms of schizophrenia. 

15 This shows that, with a profile different from that 
obtained previously with MS patients, there exists at 
least one subpopulation of patients suffering from 
evolutive forms and/or forms resistant to existing 
treatments which is identifiable and characterized by 

20 virtue of an Env-SU- induced IL12p40 secretion greater 
than the average . 

The fact that at least the IL12p4 0 induced by the Env- 
SU activation in the PBMCs from SCZ patients is at a 

2 5 maximum in the evolutive forms and/or forms resistant 
to current treatments demonstrates, in addition to the 
association between criteria of evolution and of 
severity of the disease, a novel therapeutic target for 
these patients, namely the MSRV/HERV-W Env protein 

30 associated with this immunological bias in the 
patients. 

As is, moreover, demonstrated for the MS models, 
antibodies capable of inhibiting the activation of the 
35 immune system before involvement of the "upstream" 
pathway mediated by the TLR4 receptor are of 
therapeutic interest and their target is very- 
advantageous in the newly identified clinicobiological 
context . 
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Contrary to MS, where the subsequent consequence of 
these effects is an autoimmune reactivity which targets 
the antigenic components of myelin, the mediators 
5 produced at this early stage of activation of innate 
immunity (TLR4) with a spontaneous level ex vivo higher 
than in MS, have an excitotoxic potential on cortical 
neurons [17, 21, 23-25, 29, 50, 51, 55]. 

10 Thus, the activation of an MSRV/HERV-W provirus by 
various cofactors can activate the expression of the 
MSRV/HERV-W Env protein in brain cells [56] and, 
depending on the nature of the cofactor and the 
circumstances, target different areas of the brain. 

15 Under these conditions, an activation in the regions of 
the frontal cortex can bring about neuronal 
excitotoxicity reflected by various hallucinations 
depending on the areas affected. 

2 0 In the case of an activation in the (myelinated) white 
matter, the early inflammation produced by the Env 
protein at the level of the macrophages and/or the 
microgliocytes is capable of stimulating myelin 
degradation and therefore, after contribution from the 

2 5 T lymphocytes, of inducing autoimmunity against the 

autoantigens of myelin. 

These various notions revealed are illustrated in 
Figure 9. This shows that, in the clinicobiological 

3 0 context thus identified in patients suffering from 

schizophrenia, it is useful to inhibit this neurotoxic 
inflammatory component obviously related to the 
symptoms of the disease. 

35 Furthermore, as is also illustrated in Figure 8, the 
level at which these antibodies inhibit the biological 
effects of the Env protein is clearly upstream of all 
the pathological mediators which are produced 
downstream and which are the usual targets of 
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conventional ant i -inflammatory therapeutics (cytokines, 
free -radicals, redox compounds, enzymes, 

prostaglandins, pro- inflammatory proteins and lipids, 
activated T lymphocytes, etc.). At this stage, the only 
5 agonist is the MSRV/HERV-W Env protein itself and 
preventing it from activating the TLR4 receptor blocks 
the initial route of entry of the various 
immunobiological cascades which result therefrom 
downstream, as illustrated in Figures 8 and 9. 

10 

It is within the scope of those skilled in the art to 
undertake the preclinical development studies, such as : 

monoclonal antibody humanization, according to the 
15 methods used for known therapeutic antibodies such as 
the ant i-TNF- alpha REM I CADE . The optimization of the 
intracerebral passage of therapeutic antibodies is 
carried out according to techniques that are now well 
known, most of which are described in numerous 
20 scientific and medical publications, as described, for 
example, by Merlo et al . , or by Pranzatelli [57, 58]; 

verification of the inhibitory activity of these 
humanized or modified antibodies with the test for pro- 
25 inflammatory activation by the Env-SU protein on PBMCs, 
as described in the present invention; 

verification of the therapeutic effect of the 

antibodies on animal models demonstrating the 

3 0 behavioral effects of the abnormal expression of the 
MSRV/HERV-W Env protein in the brain [59] . 

Thus, the elements of the present invention, namely: 

35 - the demonstration of the "TLR4" receptor for the 
MSRV/HERV-W envelope protein as a route of entry for 
"upstream" pro- inflammatory activation at the level of 
the cells of innate immunity, 
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the cell assay which makes it possible to detect 
and measure these effects, 

the anti-Env monoclonal antibodies capable of 
5 inhibiting the effects of this protein, 

the pieces of biological evidence of these effects 
at the level of the blood immune cells taken ex vivo 
from patients suffering from schizophrenia, 

the pieces of biological evidence linking these 
effects to the pathology allow those skilled in the art 
to carry out, with the knowledge, techniques and animal 
models known to date, the preclinical development steps 
and to tackle the clinical studies in humans under the 
appropriate conditions. Furthermore, the biological 
tests described in the present invention allow an ex 
vivo biological investigation of the parameters 
targeted by these therapeutic antibodies, before, 
during or after treatment of the patients, by means of 
a simple blood sample. 

Such therapeutic guidance provides a very valuable 
advantage for the definition of the patients eligible 

2 5 for a treatment at a given moment or in a given 

subgroup, and makes it possible to adjust the therapy 
in terms of dose and frequency according to the 
biological results . 

3 0 Animal models 

Production of a model for studying the pharmacokinetic 
distribution and the toxicology of the therapeutic 
antibodies and of controls in an animal model 

35 

Antibodies : 



15 



1. Nature of the antibodies: 
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In order to prevent too rapid and too great a 
degradation in the liver, the antibodies of interest 
are used in the form of fragments of Fab' or Fab2 type, 
obtained from monoclonal antibodies according to the 
5 techniques known to those skilled in the art [60] . The 
anti-MSRV/HERV-W Env antibodies, which inhibit the pro- 
inflammatory effect mediated by TLR4 , are the 
antibodies 13H5A5 and 3B2H4 . The anti-MSRV/HERV-W Gag 
control antibody is the antibody 3H1H6 . 

10 

2. Antibody labeling protocol: 

The fragments are first of all diluted. 100 |il at a 
concentration of 1 |ag/|il are thus prepared and then 
15 brought into contact with sodium iodide (Nal 125 NEN, at 
5mCi/50 jal) adsorbed onto beads (Iodobeads No. 28665 
Pierce Rockford, Illinois, USA) , as recommended by the 
manufacturers . 

20 After incubation for 10 minutes, the solution is 
removed and transferred to a tube free of beads. This 
process makes it possible to stop the reaction and thus 
to avoid oxidation of the active site of the antibody, 
which would result in a loss of function. 

25 

The sample is then neutralized with 10 [il of a 4 mg/ml 
solution of sodium pyrosulfite (Fluka) . Finally, the 
sodium iodide is entrained using 10 . ]xl of cold 
entraining agent at a dose of 250 nM/ml . 

30 

3 . Purification 

The purification is carried out by the anion- exchange - 
column separation technique. This method uses an anion 
35 exchange column intended to bind the free iodine. 
Firstly, it is activated with 2 ml of a 0.9% NaCl 
solution (Aguettant) , the migration buffer. The 
purification is carried out in four passes, entrained 
with 0.5 ml of 0.9% NaCl . The radioactivity contained 
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in the four tubes is then counted. 
4. Yield 

5 The results are reported in Table 3, which represents 
the percentage recovery of each antibody after the 
purification. 

The labeling yield is correct after 10 minutes of 
10 incubation. It does not increase over time. The 
percentage obtained for all the fragments is between 
70% and 80%. 

The ion-exchange purification allows good recovery of 
15 the labeled antibodies. For the 3B2H4 Fab2 fragment, 
the ratio is only 50%. 

Evaluation of biodistribution: 

20 1 . Mice 

The animals involved in the experiment are 7 -week-old 
BALB/c mice provided by the Charles River Laboratories 
(Wilmington, North Carolina, USA) . The supplier 
25 guarantees that the animals are healthy. 

They are maintained, while awaiting experimentation, in 
an installation under temperate conditions and with 
cyclical lighting, with care. 

30 

2 . Protocol 

The batches consist of three 7-week-old BALB/c white 
mice for each fragment tested. 

35 

In a first step, they are anesthetized with 
pentobarbital or with a volume -for- volume mixture of 2% 
ketamine-xylamine 10 g/100 ml, administered at a dose 
of 1 jil/g of weight. 
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They are then injected intravenously (IV) with 0.15 mg 
of antibody labeled at 700 p,Ci/mg (the mice are 
inoculated with the fragments of one of the three 
5 antibodies tested (3B2H4, 13H5A5 and 3H1H6) ) . 

A reading is carried out at 10, 45, 90 and 210 minutes 
after injection. 

10 After these 210 minutes, the mouse is sacrificed and 
the following are removed: spleen, liver, kidneys, 
brain, heart, lungs and blood. The tail is also kept in 
order to adjust the values obtained. 

15 3 . Results 

No tissue pathology evoking an acute toxicity related 
to these antibodies was observed. 

20 The results of biodistribution of the antibodies are 
reported in Table 4, which represents the distribution 
of the dose of labeled antibody in the various organs 
210 minutes after IV injection. 

. 25 Table 4 demonstrates that none of the fragments tested 
bind abnormally in a tissue. 

These results demonstrate that the antibodies have no 
acute toxicity, and can be assayed in the biological 
30 fluids and tissues, and that their distribution 
corresponds to that expected by those skilled in the 
art . 

Thus, any optimization of the biodistribution of these 
35 antibodies and/or any verification of these constants 
after their modification cari be evaluated in relation 
to its pharmacokinetic and toxicological relevance 
according to the same protocol or its equivalent. 
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Table 3 

Percentage recovery of the antibody fragments during 
the labeling with iodine 12 5 



Recovery 
percentages 


3H1 
Fab' 


I 

H6 

Fab2 


Antibodies 
3B1 

Fab' 


2H4 

Fab2 


13H5A1 
Fab' 


After 
binding 
After 
purification 


72 . 69% 
62 .70% 


82 .00% 
73% 


74 .36% 
75.10% 


75 . 95% 
41.70% 


74 .22% 
76.20% 



5 

Table 4 

Mean percentage of the dose of antibody found in the 
various organs 210 minutes after injection in the 

BALB/c mouse 

10 





3H1H6 


3B2H4 


3B2H4 


13H5H1 




Fab' 


Fab' 


Fab2 


Fab' 


Spleen 


1.28 


1.68 


2.26 


1.30 


Brain 


0. 18 


0.28 


0.60 


0 . 17 


Kidney 


7. 07 


16.34 


12 .88 


20 . 64 


Liver 


1.31 


1 .24 


1 . 80 


0 .97 


Blood 


2 . 98 


3 .28 


5 . 54 


2 .87 


Heart 


0 .00 


1.30 


1 . 87 


0.95 


Lungs 


0.00 


2 .14 


2 . 68 


0 .60 



In parallel with the direct study of the patients, 
animal models were produced, which make it possible to 
conf irm that : 

15 

- The "pro- inflammatory" pathology corresponding to the 
activation pathways "innate immunity alone" (model 
SCID-hu and Env-SU protein) or "innate immunity and 
superantigen effect on T lymphocytes" (model SCID-hu 
2 0 and virion) , produced by an MSRV/HERV-W Env protein, is 
clearly observed in vivo and can be analyzed by means 
of objective criteria. The pathway "innate 
immunity/TLR4 +/- CD14 activation pathway" is the 
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subject matter of this invention and has the advantage 
of blocking the pro- inflammatory cascade upstream. 

The autoimmune pathology directed against myelin 
5 autoantigens as in MS is clearly obtained with the 
MSRV/HERV-W Env protein (model EAE MOG Env-SU) and can 
be analyzed. 

- The use of ant i -Env monoclonal antibodies selected 
10 for their inhibitory properties, and of fragments 
thereof bearing the immunological recognition 
specificity, is compatible with a therapeutic 
composition exhibiting a measurable organic 
distribution and a lack of organic toxicity in the 
15 animal (model BALB/c radiolabeled antibody) . 

The therapeutic use of ant i -Env antibodies obtained by 
means of a prior selection of the anti-Env monoclonals 
in the test for "cellular" activation of the 
TLR4/innate immunity pathway. This use is illustrated 
in a model such as "EAE" (experimental allergic 
encephalomyelitis) in the presence of "MOG" (myelin 
oligodendrocyte glycoprotein) autoantigen induced by 
Env, and makes it possible to inhibit, beyond the 
inhibition of the pro- inflammatory activation phase 
well described here, the pathological consequences much 
further downstream (cf.: inhibition by the anti-Env 
antibodies in the EAE -MOG model) . 

3 0 Furthermore, after a selection of the anti-Env 
antibodies which inhibit the pro-inf lammatory effect by 
means of the in vitro cell assay described in the 
present invention, the animal models make it possible 
to select , from this first selection, the therapeutic 

35 antibodies which have no harmful side effects following 
their therapeutic use in the pathological context. In 
fact, as was shown for an antibody which potentiates 
the neurological damage in the example "EAE-MOG" (cf.: 
example EAE -MOG and antibody 3H1H6) , some antibodies 



20 



25 
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can prove to be unsuitable for therapy irrespective of 
their specificity, and, even if they inhibit a 
pathological target, these side effects must cause them 
to be eliminated or modified before therapeutic use in 
5 a specific context. The tools developed during the 
present invention therefore make it possible to 
identify these possible harmful effects in the 
pathological context of use and therefore contribute, 
in an original and suitable manner, to the selection 
10 and to the validation of the suitable therapeutic 
antibodies . 

Inf lairrmatory models on cells and animals: 
15 Materials and methods 

Proteins and toxins 

The lipopolysaccharide (LPS) of the E. coli strain 
20 026 :B6 was obtained from Sigma (St Louis, Mi). The 
recombinant Env-SU protein represents a fraction of the 
whole MSRV envelope protein, ENV pV14, of approximately 
33 kDa and 287 amino acids. Env-SU was produced in 
E. coli, purified by chromatography and analyzed by 
25 Western blotting (Protein Expert, Grenoble) . An LAL 
test (limulus amebocyte lysate, Clean Cell, Bouffere, 
France) was carried out in order to detect the possible 
presence of endotoxins. The results were negative, 
below the detection threshold of 5 IU/ml .. The buffer 
3 0 used for conserving the protein will be used in the 
experiments as a negative control. It consists of 50 mM 
Tris, pH 8, 0.3M NaCl , 1 mM p-mercaptoethanol , 2% 
sucrose, 2% glycerol and 5.3 mM urea. 

35 Cell culture 

Preparation of PBMCs 

The PBMCs were prepared from citrated fresh whole blood 
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from normal donors (citrated whole blood bags. Centre 
de Transfusion Sanguine [Blood Bank] of Valence, 
France) by Ficoll (Amersham Biosciences, Freiburg, 
Germany) density gradient. The dilution of 25 ml of 
5 blood with 10 ml of PBS-2% FCS (fetal calf serum) , 
carefully deposited onto 15 ml of Ficoll, is 
centrifuged at 2400 rpm for 20 min at ambient 
temperature (AT) . The bands containing the cells are 
recovered and the PBMCs are washed three times with 
10 50 ml of PBS-2% FCS (Figure 11) . After counting with 
trypan blue, the cells are frozen at -80°C in a 90% 
dFCS-10% DMSO mixture and used directly in culture for 
cell assays or for injection into mice. 

15 Preparation of murine splenocyte suspensions 

After sacrifice of the mice by cervical dislocation, 
the spleens are removed and ground on a metal filter in 
RPMI . The cell suspensions are centrifuged at 1200 rpm 

20 for 10 min at 4°C. The cell pellet is then taken up in 
approximately 4 ml of physiological saline or of dFCS 
(for, respectively, injection into C57B16 mice or 
freezing) . Trypan-blue counting is carried out and the 
cell concentration is then adjusted. The cells are then 

25 frozen or used for the animal models. For injection 
into mice, gentamycin is added at a concentration of 
0.2 mg/ml. Finally, 500 jil , i.e. 50xl0 6 cells, are 
injected IP (intraperitoneally) into each of the C57B16 
mice . 

30 

Freezing and thawing of cells 

The cell suspensions are washed once in 50 ml of PBS 
35 (bioMerieux, France) at 4°C and centrifuged at 1400 rpm 
for 7 min at 4°C. The cells were then taken up in a few 
ml of FCS and counted. The cell concentration is then 
adjusted to 20x10 s in general. 500 jal of this solution 
are placed in cryotubes and then 500 yil of freezing 
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solution (80% dFCS-20% DMSO (Sigma)) are added. Thus, 
the cells are conserved in 1 ml of 90% FCS-10% DMSO 
solution. The cryotubes are placed in a freezing dish 
containing isopropanol so as to obtain a slow decrease 
5 in temperature, and placed at -80°C. 

The cell suspensions are thawed in a water bath at 
3 7 °C. The tubes are washed with alcohol before they are 
opened. The cells are rapidly transferred into 5 0 ml of 
10 RPMIc-10% dFCS and centrifuged at 1400 rpm for 7 min at 
4°C, and then two other washes are carried out with 
RPMlc-10% FCS. 

Culture maintenance 

15 

The cell (PBMC) cultures are incubated in a humid 
atmosphere under 5% C0 2 at 3 7°C. The culture medium used 
consists of RPMI 1640 (Gibco, Rockeville, MD) 
supplemented with 1% of L-glutamine , 1% of penicillin- 
20 streptomycin, 1% of sodium pyruvate, 1% of nonessential 
amino acids (Sigma) and 10% of fetal calf serum 
(Biowest, Nuaille, France) decomplemented (dFCS) by 
heating at 56°C for 30 min. 

2 5 Cell stimulations 

The cell suspensions (PBMCs or splenocytes) are thawed 
and trypan-blue counting is carried out: the cell 
concentration is adjusted to lxlO 6 cells/ml. The 

30 cultures are realized in 48-well plates (500 |al of cell 
suspension per well) or in 24-well plates (1 ml of cell 
suspension per well) . After the cells have been 
deposited in the plates, the various substances to be 
tested are added and the cells are incubated for 

35 varying periods of time. The supernatants are harvested 
by centrif ugation of the cell suspensions at 6000 rpm 
for 10 min at AT. They are then frozen in an Eppendorf 
tube at -20 °C. Unless indicated, the concentrations of 
Env-SU and of LPS used for the cell assays were 
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1 |J.g/ml. For some experiments, Env-SU and the LPS were 
boiled for 30 min. Polymyxin B (PB) was used at 
25 g/ml, and preincubated 45 min at 37°C with the cells 
before addition of the buffer, LPS or Env-SU. For the 
5 experiments requiring the use of antibodies, 
preincubations, at 4°C or 37°C, of the cells with the 
antibodies, or of Env-SU, LPS or buffer, with the 
antibodies, were required, for. various periods of time. 
The anti -Env-SU (13H5A5 and 3B3H4) and anti-Gag (3H1H6) 

10 IgG monoclonal antibodies (bioMerieux) were obtained by 
culture of hybridomas after immunization of the mice 
with, respectively, the recombinant Env-SU or Gag 
proteins. The specificity of the anti-Env-SU antibodies 
was verified by ELISA. Unless indicated, the 

15 concentrations of 13H5A5, 3B2H4 and 3H1H6 used for the 
cell assays were 30Dg/ml. 

Animal models 

2 0 Maintenance of mice 

The C57B16, BalbC or SCID mice (Charles River, 
L'Arbresle, France) are purchased at 5 or 6 weeks old 
and are kept for one week, resting after receipt. They 

2 5 are housed in sterile filtering cages at a temperature 

of 24 °C. All handling is carried out under a laminar 
flow hood. 

Humanization of SCID mice and preparation of C57B16 
30 mice 

After one week of adaptation, the SCID mice are given 
an intraperitoneal (IP) injection of 50xl0 6 fresh human 
PBMCs in 2 ml of RPMI without phenol red (Eurdbio, Les 

3 5 Ulis, France) supplemented with gentamycin at a 

concentration of 0.25 mg/ml , and are again left to rest 
for one week . In order to guarantee good humani zat ion , 
50 jil of anti-NK antibodies (25 |il of pure antibodies 
diluted in 25 microl of physiological saline) are 
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injected via the RO route two days before the injection 
of the PBMCs. One week after the humanization, a blood 
sample is taken, via the RO route, from each mouse and 
the serum is conserved at -8 0°C in order to be able to 
5 test the degree of humanization of the mice. 

The C57B16 mice are given, after one week of 
adaptation, an intraperitoneal (IP) injection of 50x10 s 
fresh murine splenocytes in 2 ml of RPMI without phenol 
10 red, supplemented with gentamycin at a concentration of 
0.2 5 mg/ml, and are again left to rest for one week. 
During the IP injections, in the SCID mice as in the 
C57B16 mice, the liquid is rapidly resorbed, but some 
loss is observed. 

15 

Assaying of human IgGs in the humanized SCID mice 

The assaying of the human IgGs in the serum of the SCID 
mice is carried out by the radial immunodiffusion 

20 method according to the manufacturer's instructions 
(The binding site, Birmingham, UK) . The measurement of 
the diameter of the precipitate 96 h after deposition 
of the serum onto the gel makes it possible, by means 
of a calibration curve, to relate the square thereof to 

25 the IgG concentration of the sample tested. 

Injections of the various substances and samples taken 
from the mice 

30 At DO, the proteins (Env-SU) , toxins (LPS) or buffer 
are assigned to the mice by IP injection after dilution 
of the substances in 1 ml of physiological saline 
(Fresenius Kabi, Bad Homburg, Germany), to the desired 
concentration. For the injections of anti-Env-SU or 

35 anti-GaG antibodies, the latter are incubated 
beforehand for 3 h at 4°C with Env-SU, LPS or buffer. 
The control mice are given 1 ml of physiological 
saline. The samples are taken a few hours (1 h, 2 h) or 
days (24, 48, 72 h) later. After the mice had been 
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anesthetized with ether, . the maximum amount of - blood 
(approximately 1 ml) is taken via the retroorbital (RO) 
route with a Pasteur pipette. 2 ml of physiological 
saline are then injected into the intraperitoneal (IP) 
5 cavity, and after massaging of the abdomen, the maximum 
amount of liquid is withdrawn (1 to 1.5 ml). Finally, 
the mice are sacrificed by cervical dislocation and the 
spleen is removed. The various protocols used are 
presented in Figures 12, 13 and 14. All the mice are 
10 observed clinically until the end of the experiment. 
Signs of inflammation and signs of nervous system 
damage are particularly noted. 

Treatments of the samples taken from the mice 

15 

The removed spleen is divided into two fragments. A 
part thereof is suspended by grinding on a screen in 
RPMI . After centrifugation at 1200 rpm for 10 min at 
4°C, the cells are taken up in 50 ml of PBS at 4°C and 

2 0 then centrifuged and frozen in a cryotube in 1 ml of 

freezing solution (10% DMSO-90% FCS) . Another part of 
the spleen is frozen, as it is, in an Eppendorf at 
-80°C. The liquid withdrawn IP is centrifuged at 
60 00 rpm for 10 min at AT in order to remove the cell 
25 pellet, and frozen at -80°C in an Eppendorf tube. After 
washing in PBS, the cells removed from the peritoneal 
cavity are, in turn, frozen. The blood is centrifuged 
at 6000 rpm for 10 min at AT in order to recover the 
serum. The latter and also the cell pellet are frozen 

3 0 separately in an Eppendorf tube at -80°C. 

Treatment of results 

Cell labeling and flow cytometry 

35 

The cell suspensions are thawed and the cells are taken 
up in 50 ml of PBS -2% dFCS-1 mM EDTA and centrifuged at 
14 0 0 rpm for 7 min at 4°C. Trypan-blue counting is 
carried out and the cells are deposited into 96 -well 
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plates (approximately lxlO 6 per well). After 
centrif ugation of the plate at 4000 rpm for 1 min at 
4°C, the supernatant s are removed and 50 (il of the 
cocktail of surface marker antibodies (dilution in PBS- 
5 2% dFCS-1 mM EDTA) are added to each well. The cells 
are resuspended and incubated for 3 0 min at 4°C. They 
are then washed by adding 10 0 |il of PBS -2% FCS-1 mM 
EDTA per well and centrifuged at 4000 rpm for 1 min at 
4°C. The supernatant s are removed and 2 00 |j.l of PBS-2% 

10 FCS-1 mM EDTA are added per well. The cells are 
resuspended and transferred into tubes for the FACS 
analysis (Figure 15) . For the antibodies requiring 
streptavidin-APC second labeling, the same cycle is 
carried out one more time. The antibodies (Pharmingen, 

15 San Diego, CA) and dilutions used for labeling the 
murine cells are: CD3 - FITC (1/500), CD4 - PE 
(1/1000), CD 8 - cy-chrome (1/600), CD25 - APC (1/1000) , 
CD69 - APC (1/500, biotinylated at the start) . For 
labeling the human cells, 2Ql of each antibody are 

2 0 used: CD 3 -cy-chrome , CD4-APC, CD8-PE, CD2 5-PE, CD6 9- 
FITC. 

Assaying of cytokines 

25 The culture supernatants , sera and liquids derived from 
the intraperitoneal lavages were conserved at -2 0°C 
before assaying the cytokines by ELISA. The human or 
murine cytokine (TNF-oc and IL-6) assays using the ELISA 
method were carried out according to the manufacturer's 

30 (Pharmingen) instructions. 

Selection of the ant i -envelope antibodies which inhibit 
the pro- inflammatory effect induced by the MSRV 
envelope protein at the level of the cells of innate 
35 immunity (via the TLR4 activation pathway) 

Various anti-MSRV/HERV-W envelope antibodies produced 
in the monoclonal antibody laboratory of the company 
bioMerieux were tested in cultures of blood mononuclear 
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cells. (PBMCs) from normal donors, with assaying of 
cytokines (IL-6 and/or TNF-alpha) , in the absence or 
presence of Env-SU protein, in order to determine their 
effect on the activation of monocytes /macrophages 
5 present in the culture, via a pathway which we 
verified, moreover, to be that of the "TLR4" receptor, 
according to the protocols described in the present 
invention, and in particular with the antibodies 
produced by the hybridomas 3H10F10, 13H5A5, 6A2B2, 
10 2A12A5, 3C1D5 and 3B2H4 . 

Some anti-Env antibodies had no detectable inhibitory 
activity in these assays (6A2B2 and 2A12A5) , or 
moderate inhibitory activity (3C1D5) or an activity 

15 which was unequal according to the experiments carried 
out with PBMCs from various donors (3H10F10) . Examples 
of these assays are shown in Figure 15 (15a, b, c and 
d) , which illustrate the effects of these antibodies 
with respect to the pro- inflammatory activation 

20 produced by the Env-SU protein in various experiments . 

Furthermore, an antibody such as that produced by the 
hybridoma 2A12A5, in the absence of inhibitory activity 
on the Env-SU protein, paradoxically produced a 
25 nonspecific immunostimulation in the assay, even in the 
absence of Env-SU protein. 

Control antibodies, tested in these same assays, did 
not show any particular inhibitory or stimulatory 
30 activity, in particular the anti-GAG antibody 3H1H6 . 

The anti -MSRV/HERV-W Env monoclonal antibodies produced 
by the hybridomas 13H5A5 and 3B2H4 proved to be 
constantly inhibitory with respect to the effect of the 
3 5 Env-SU protein on the PBMCs of various normal human 
donors, without any paradoxical pro- inflammatory effect 
or any significant variation between assays carried out 
with the PBMCs of various normal donors, detectable 
under the conditions realized. 
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An example of the inhibitory activity of the antibodies 
3B2H4 and 13H5A5 and of the absence of effect of the 
anti-MSRV GAG antibody 3H1H6 is shown in Figure 15a. 
5 The conditions of specificity of the inhibition are 
validated in relation to another ligand which 
stimulates this activation pathway (LPS) , on which 
these antibodies have no effect. Figure 15b shows that 
the conditions of specificity of activation by the Env- 

10 SU protein are validated by the absence of effect of a 
control (mock) protein produced and purified under 
identical conditions, and by the tests confirming the 
absence of contamination, of the Env-SU sample used, 
with bacterial LPS (inhibition by heating at 100°C, 

15 which denatures the proteins and not the LPS, and 
absence of inhibition by polymyxin B, which inhibits 
the effect of LPS) . 

Thus, after having tested the various monoclonal 

2 0 antibodies obtained by bioMerieux against the 

MSRV/HERV-W envelope proteins, the cell assay set up 
and developed in the present invention made it possible 
to identify those which are capable of inhibiting the 
pro -inflammatory effect activating the TLR4 pathway and 
25 of selecting, from the inhibitory antibodies, those 
which have an inhibitory potential closest to 100%. 
Among these antibodies, the antibodies 3B2H4 and 13H5A5 
are preferred. The usefulness of these antibodies or of 
other antibodies which can be produced by conventional 

3 0 techniques within the scope of those skilled in the 

art, as described above, is therefore confirmed. 

Effect of the MSRV Env protein on the human immune 
system, in an animal model grafted with a functional 
3 5 human lymphoid system 

-Preparation of the mice: 

The following experiment involves seventeen 6-week-old 



- 72 - 

female C57B16 mice. The first step consists in 
injecting, IP, 50 million human PBLs. The mice are 
irradiated beforehand and are given an injection of 
anti-NK antibodies (Firouzi et al . , Journal of 
Neurovirology 2 0 03) . The mice are left to rest for one 
week, the period of time necessary for the 
stabilization of the immune system. 

Preparation of human PBLs 

The cell suspensions are grouped together in a 5 0 ml 
tube, and centrifuged for 10 min at 4°C and at 
1200 rpm. The cell pellet is then taken up in 
approximately 4 ml of physiological saline. Trypan-blue 
counting is carried out and the concentration of the 
cells is then adjusted. Gentamycin is added at a 
concentration of 0.2 mg/ml . Finally, 500 jil , i.e. 
50xl0 6 cells, are injected, IP, into each of the 17 
C57B16 mice. Constitution of the inoculation batches: 

The mice are divided up into groups of 3 or 4 . Each 
batch thus formed is named in the following way: 

3 * U C" for the negative control group which 
will be given the ENV1 buffer. 

3 * "LPS" for the group which will be given an 
injection of LPS, positive controls for an 
inflammatory reaction. 

3 * u Env" for the batch which will be injected 
with a solution of the envelope protein of the 
MSRV virus. 

- 4 * "2GR412" for the batch which will be 
infected with the MSRV virus inactivated by 
heating for 30 min at 56°C (to test the effect 
of the envelope protein of the virion, in the 
absence of viral replication) . 
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- 4 * "GRE" for the batch which will be infected 
with the GRE virus that has been heat- 
inactivated and highly diluted in negative 
5 control (to evaluate any possible effect of 

contamination of a biological sample with this 
virion, in the case of blood pools for the 
transfusion of derived products containing a 
viremic donor) . 

10 

The mice of each batch are infected with a suitable 
volume of solution in a single IP administration (the 
amounts of LPS . and of Env correspond to the 
concentration used for the assays on PBMCs) . The 
15 solutions will be titered in the following way: 

"LPS" : 50 pg/mouse; w Env /; : 50 (ig/mouse (injection of 
500 jal; U 2GR412" and W GRE" : 100 p.1 of the 
ultracentrif ugation pellet /mouse . 

All the necessary dilutions are prepared in sterile 
20 physiological saline. 

Observations and samples: 

D+lh/D+2h/D+24h/D3 : sacrifices and samples. 

25 

In each group, one mouse is sacrificed. 2 ml of 
physiological saline are injected IP, the abdomen is 
tapped, and the maximum amount of liquid is withdrawn 
(1-1.5 ml maximum). The suspension is centrifuged n 
30 (6000 rpm/10 min/AT.) in order to remove the possible 
cell pellet, and frozen at -80 °C in an Eppendorf tube. 

The maximum amount of blood is taken via the 
retroorbital route, with a Pasteur pipette, into a 
35 heparin tube. The blood is centrifuged at 6000 rpm, 
10 min, AT. The. plasma and the cell pellet are 
recovered and frozen separately in an Eppendorf tube at 
-80°C. 
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The removed spleen is divided into two fragments. One 
part is made into a suspension (in order to carry out 
the human and murine phenotyping thereof by FACs) : 
grinding on a screen in approximately 10 ml of RPMI, 
5 cent rifugat ion at 1200 rpm/4°C/10 min, washing with 
approximately 15 ml of PBS/4°C and then centrif ugat ion, 
and freezing in a cryotube in . 1 ml of freezing solution 
(10% DMSO-90% FCS) , and another part is frozen, as it 
is, in a Eppendorf at -80°C (for a possible PCR) . 

10 

This process is carried out after 24 h and 48 h, unless 
clinical signs have appeared earlier (the mice are 
monitored and recovered just before death). For the 
remaining two mice of the "2GR412" and "GRE" batches, 
15 they are sacrificed after 15-2 0 days or recovered 
immediately after their death if this occurs earlier. 

This distribution of samples makes it possible to cover 
the immediate (2 h) , early (24 h) and delayed (10- 
20 15 days) immune reactions. 

The samples of biological fluids are assayed for human 
and murine cytokines (11-6 and TNFct) and are also 
assayed for the "Env" protein and/or titered with 
25 respect to the virus, by ELISA and by bioassay on cell 
cultures . 

The analyses make it possible to evaluate the immune 
reaction: inflammation (cytokines) and cell 

3 0 distribution (FACS) , and to search for any viral 
replication (ELISA, bioassay) . 

Clinical observations 

35 All the mice are observed clinically until the end of 
the experiment. Signs of inflammation and signs of 
neurological damage are particularly noted. 
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Results: 

The aim of this section is to study in vivo on a 
humanized SCID model, the properties of Env-SU by 
5 virtue of the parameters determined by means of a 
feasibility study carried out beforehand. 

Pro- inflammatory effects of Env-SU on cultures of PBMCs 

10 Initially, we studied the kinetics of production of 
TNF-alpha induced by Env-SU and LPS in a culture of 
human PBMCs. The proteins and toxins were used at a 
concentration of 1 p,g/ml (Figure 16). We can observe 
that the production of cytokine reaches a peak at 2 h 

15 post -inject ion and then gradually decreases to become 
zero after 48 h. The detection of TNF-alpha post- 
injection with Env-SU is very significant. 
Specifically, the cells incubated with buffer produce 
only a very small production of TNF-alpha, barely 

2 0 reaching 3 0 pg/ml at 2 h. The stimulation with Env-SU 
produces a production of 550, 350, then 160 pg/ml at, 
respectively, 2 h, 24 h and 48 h post-stimulation. The 
action of LPS is slightly greater, producing a 
production of 650, 180, then 50 pg/ml at 2 h, 24 h and 

2 5 4 8 h. This study made it possible to confirm the pro- 

inflammatory properties of the Env-SU protein on PBMCs, 
as already shown. It also makes it possible to observe 
that the production of TNF-alpha is at a maximum 2 h 
post-injection. These data make it possible to define 

3 0 the kinetics of sampling to be adopted for the study on 

the SCID model, namely 2 h, 24 h and 4 8 h. 

Pro- inflammatory effects of Env-SU in the humanized 
SCID mouse (SCID-h) 

35 

After having observed the pro -inflammatory effects 
caused by the Env-SU protein on various human and 
murine cell cultures, we evaluated, in vivo, the 
pathogenicity of these same substances on SCID-hu mice. 
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A group of 16 mice was grafted, IP, with 50xl0 6 human 
PBMCs after having been given 50 microliters of anti-NK 
via the retroorbital route. One week later, ' blood was 
taken from each mouse in order to assay the human IgGs 
5 in their serum, with the aim of validating the 
humanization of the mice. We were able to determine, by 
radial immunodiffusion assay, that the concentration of 
human IgGs in the serum of all the SCID-hu mice was 
much higher than 4.5 mg/1 . The IgG half -life in an 
10 SCID-hu mouse is 12 days. In our case, we can therefore 
assert that the humanization of the mice was 
successful . 

The mice are then divided up into five batches, each 
15 batch comprise three mice injected with, respectively , 
0.2 ml of buffer, 50 jag of Env-SU or 50 jag of LPS, 
diluted in 2 ml of physiological saline. One of the 
mice of each batch were sacrificed at 2 h, 24 h and 
48 h after the injections. All the mice remained alive 
2 0 and no outside sign of the nervous system being 
affected was visible up until their sacrifice. 

The human and murine TNF- alpha and IL-6 cytokines were 
assayed by ELISA. The results in Figure 17 show that 

25 the production of human or murine cytokines follows the 
same tendency: it is abruptly detected at 2 h post- 
injection, and then it becomes zero over the following 
days. Overall, these kinetics are identical to those 
observed in vitro on PBMCs. The mice injected with 

30 buffer show no significant production of cytokines. The 
assaying of murine TNF-alpha reveals only one large 
peak: the mouse having been given LPS shows a TNF -a 
level greater than 10 00 pg/ml in its serum. As regards 
the assaying of murine IL-6, a level of approximately 

35 20 000 pg/ml is reached in the IP fluid of the mice 
injected with Env or LPS. The concentrations found in 
the serum of these mice reach, respectively, 6200 pg/ml 
and more than 20 000 pg/ml. 
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The assaying of the human cytokines reveals cytokine 
detection in the IP fluid that is higher than in the 
serum. This is because, since the mice were grafted 
only about ten or so days before the administration of 
5 the proteins and toxins, the PBMCs have had only a 
short period of time to migrate and colonize the spleen 
and the secondary lymphoid organs (the amount of 
migrating cells remains relatively low) . Furthermore, 
Env-SU mainly targets monocytes, which differentiate 

10 rapidly to macrophages in the tissues. These cells are 
very adherent and will preferentially u stick" to the 
peritoneum rather than colonizing the secondary 
lymphoid organs. It therefore appears to be logical to 
find a greater production of cytokines at the very site 

15 of grafting of the cells, in the intraperitoneal (IP) 
cavity. 

The human TNF-oc assay reveals a concentration reaching 
1400 pg/ml, IP, for the mouse injected with Env-SU and 

20 3000 pg/ml, IP, and also 1200 pg/ml in the serum for 
the mouse injected with LPS . The same tendencies are 
observed for the IL-6 assay, with 1700 pg/ml detected 
IP in the mouse injected with Env-SU and 9600 pg/ml and 
1400 pg/ml, respectively, IP and in the serum of the 

25 mouse injected with LPS. 

The decision to assay the murine cytokines in SCID-hu 
mice may appear to be surprising, since the latter lack 
T and B lymphocytes. However, the monocyte -macrophage 

30 population remains active and contributes to the 
production of TNF-a and IL-6 in these mice. Thus, it is 
shown that the murine IL-6 concentrations detected are 
always greater than the human IL-6 concentrations, 
which is not the case for TNF-a. The latter point 

35 therefore perfectly illustrates, in vivo, the direct 
effect of the MSRV envelope on the innate immunity 
component, in the absence of functional lymphocytes in 
this SCID model (for the murine component) . 
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The object of this study was to evaluate, in vivo, the 
pathogenicity associated with the recombinant envelope 
protein, Env-SU, after having provided proof of a 
pathogenicity effect in vitro on human PBMCs . The pro- 
5 inflammatory effects of the Env-SU protein and of LPS, 
characterized by a massive and isolated production (2 h 
post -injection) of TNF-a and/or of IL-6, are observed 
in the SCID-hu mice. Subsequent to the results 
obtained, it is possible to validate the experimental 
10 protocols for taking samples and for analyzing the 
cytokine production (in the serum and by IP lavage) for 
use on the humanized SCID mice, as developed on a 
murine model in a prior "technical" feasibility study 
on C57B16 mice. 

15 

EAE model 

The EAE model is an animal model of multiple sclerosis 
based on the induction, peripherally, of an 
20 autoimmunity directed against myelin determinants. 

This model is, to date, the reference model used for 
all the protocols for "preclinical" validation of 
therapeutic molecules intended for the treatment of 
25 multiple sclerosis. 

This model is characterized by the presence of 
autoreactive T lymphocytes and demyelination resulting 
in serious neurological symptoms. 

30 

The development thereof is conventionally based on the 
injection of C57bl6 mice with a myelin peptide coupled 
to a suitable adjuvant (complete Freund's adjuvant), 
associated with an injection of pertussis toxin. 

35 

The adjuvant, which is composed of inactivated 
mycobacteria, allows the tolerance against the injected 
myelin to be broken and promotes the development of 
autoreactive T lymphocytes. 
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The pertussis toxin promotes opening of the blood-brain 
barrier but also plays a role in the breaking of 
tolerance. 

5 

It was shown that Env-SU activated the innatie immune 
system via the TLR4 receptor and was capable of 
inducing the development of Thl type lymphocyte 
responses. Env-SU could therefore play the role of an 
10 adjuvant for triggering the mechanisms of autoimmunity 
and of demyelination associated with MS. This potential 
role was studied in the EAE model. 

Three different experiments were carried out. 

15 

1 - Preliminary experiment 

Materials and methods 

20 The active ingredient of complete Freund's adjuvant 
(inactivated mycobacteria) normally used for the 
multiple sclerosis model U EAE" conventionally 
implemented was replaced with the Env-SU fraction of 
the MSRV envelope protein. 

25 

Material 

Eight C57B16 mice (Charles River) . 

Myelin peptide MOG (myelin oligodendrocyte 
3 0 glycoprotein) 3 5-55 immunograde from Neosystem. 

Complete Freund's adjuvant (CFA) from SIGMA. 

Incomplete Freund's adjuvant (IFA) from SIGMA. 

Pertussis toxin (salt free bordetella pertussis) 

from Calbiochem. 
35 Env-SU from Protein Expert. 

Method 

Subcutaneous injection of 2 00 jal of: 
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- Positive control: 

150 jag MOG + CFA: 3 mice tested. 

5 - Negative control: 

150 jag MOG + I FA : 2 mice tested. 

- Env-SU: 

150 (ig MOG + I FA + Env-SU (50 |ag) : 3 mice 

10 tested; 

. then injection of 200 p.1 (IV) of pertussis toxin 
(200 ng) at DO and D2 . 

15 The neurological signs are then measured daily. 

The various stages are listed below according to the 
neurological signs observed. 

Stage 0 signifies no clinical signs, 

20 stage 1 signifies soft tails, 

stage 2 signifies problems walking, 

stage 3 signifies partial paralysis of the rear limbs, 

stage 4 signifies total paralysis of the rear limbs, 

stage 5 signifies paralysis of the rear limbs and 
25 partial paralysis of the front limbs, 

stage 6 signifies moribund or dead animals. 

Results : 

30 - MOG (150 |ig) + CFA: 2 mice out of 3 developed the 
disease (stage 4) . 

- MOG (150 ng) + I FA : no sign observed. 

35 - MOG (150 ^ig) + Env-SU (50 jag) : 3 mice out of 3 
developed the disease (stages 1 to 6) . 

The results of the preliminary study are represented in 
Figure 18 . 
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This preliminary study shows that Env-SU, which 
activates the immune system via the TLR4 receptor, can 
be used as an adjuvant for the development of the MS 
5 model, EAE . 

The positive control with a "conventional" adjuvant 
(CFA) validates the experiment. The negative control 
with an incomplete adjuvant that has no potential for 
10 inducing autoimmunity (IFA) validates the need to 
stimulate the immune system according to specific 
pathways in order to induce an autoimmune reaction. 

Thus, right from this preliminary stage, it is obvious 
that the Env protein of the MSRV/HERV-W retrovirus is 
therefore clearly capable of causing an autoimmune 
sensitization with an effect on the central nervous 
system like the "experimental" adjuvant currently used 
for the EAE model . 

The major difference with CFA, the active ingredient of 
which is a lysate of Mycobacterium tuberculosis, is 
that this bacterium is in no way associated with 
multiple sclerosis in humans, whereas the MSRV 
retrovirus and its genetic analogs of the HERV-W family 
are clearly associated with multiple sclerosis in 
humans [2, 7, 8, 10, 61-63] . Furthermore, the 
expression and the circulation in the biological fluids 
of the virions bearing this envelope protein correlates 
with the progression of the disease [10] . 

Consequently, and right from this preliminary stage, it 
is obvious that any therapeutic agent capable of 
inhibiting the "autoimmunity- inducing" immunological 
35 potential of the Env envelope protein of this 
retroviral family is particularly advantageous, what is 
more if it has been selected for its inhibitory 
activity with respect to the anti- inflammatory effects 
as described in the present invention with the in vitro 



20 
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cell assays. In fact, the monoclonal antibodies 
directed against the MSRV/HERV-W Env proteins are 
implicitly inhibitors of the "autoimmunity- inducing" 
effects of these proteins when they are expressed at 
5 the surface of the virions detectable in patients 
suffering from MS [8, 10, 62] . Their use in human 
therapy is obvious and technically within the scope of 
those skilled in the art, according to known methods 
for therapeutic antibodies currently authorized and 

10 sold for human therapy, such as the anti-TNF alpha 
antibody sold under the name REMICADE which is 
prescribed for the treatment of rheumatoid arthritis in 
particular. It is interesting, in addition, to note 
here that this therapeutic antibody, which is 

15 commercially available, targets a "downstream" product 
of the pro- inflammatory activation cascade, whereas, 
according to the invention, the therapeutic target is 
inhibited well before the induction of TNF-a, in 
particular via TLR4 . 

20 

It is also important to note that the therapeutic 
agents currently proposed in MS therapy 

(corticosteroids, interferon beta, or the like) act on 
only a limited portion of the pro- inflammatory 
25 components produced subsequent to the initiation of the 
immunopathological cascade, which explains their 
partial and relative effectiveness in the treatment of 
patients . 

3 0 On the other hand, by inhibiting the primary effect of 
the MSRV/HERV-W Env protein before activation of the 
TLR4 receptor pathway and therefore of the innate 
immunity involved in this initial phase, the only 
immunopathpgenic agonist present at this stage is 

35 inhibited, which is no longer the case with the 
multitude of pro- inflammatory products secreted after 
primary activation of this pathway (Figure 8) . This 
"biological" advantage provides a unique potential for 
effectiveness in the patients, all the more so since it 
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targets a "key" agent in the etiopathogenesis of MS, 
and not just one of the by-products of activation for 
which the effectiveness was measured in an EAE model 
induced with the tuberculosis agent (M. tuberculosis in 
5 complete Freund's adjuvant) which has nothing^ to do 
with the human disease MS. 

2 - Experiment 2 

10 The same type of experiment was carried out in order to 
confirm the preliminary results observed. 

Method 

15 Subcutaneous injection with 2 00 p,l of: 

- MOG (150 p.g) + CFA: 4 mice tested. 

- MOG (150 \ig) + I FA: 3 mice tested. 

20 

- MOG (150 ng) + I FA + Env-SU (50 jag) : 4 mice tested. 



- MOG (150 jig) + I FA + LPS (20 |jg) : 4 mice tested; 

25 and then injection of 200 jj.1 (IV) of pertussis toxin 
(200 ng) at DO and D2 . 

Measurement of the clinical signs 

3 0 The spleens of all the mice were subsequently recovered 
and then cell suspensions were frozen. 

The brains of 2 mice were recovered and then frozen 
after perfusion with 4% PFA (brain of one Env mouse 
35 stage 3; brain of one LPS mouse stage 0). 

Characteristic inflammatory lesions were visualized by 
histological analysis in the brain of the mice having 
been given the Env protein and not in that of the mouse 
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having been given the injection of LPS. 
Results : 

5 Monitoring of the neurological signs: 

- MOG (150 |j,g) + CFA: 4 mice out of 4 developed the 
disease (stages 2 to 6) . 

10 - MOG (150 fig) + I FA : no sign observed. 

- MOG (150. \±g) + Env-SU (50 (ig) : 4 mice out of 4 
developed the disease (stages 1 to 5) . 

15 - MOG (150 ^xg) + LPS (20 jig) : no sign observed. 

The results are illustrated in Figure 19. 

These results confirm that Env-SU can have an adjuvant 

2 0 role in the induction of the neurological signs 

observed during the development of the MS model 
represented by EAE . 

In addition to the above controls LPS (bacterial 
25 lipopolysaccharide) was used, since it stimulates the 
same receptor at the surface of antigen-presenting 
cells as the MSRV Env protein: TLR4 . The absence of 
autoimmunity- inducing effect of LPS under these 
conditions shows that the immunological potentiality of 

3 0 the Env protein is much greater than that of other TLR4 

ligands and that, logically, an inhibitor that targets 
this protein will be a better therapeutic tool than 
molecules that nonspecif ically inhibit certain pathways 
activated by the latter. 

35 

Functional studies: 

The spleens were thawed and the splenocytes were then 
restimulated with MOG peptide in vitro, and then the 
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production of IFN-g was measured (kinetics and dose 
response) . 

2x106 splenocytes/ml of c-RPMI + 10% FCS . 

5 

The means of 3 mice for Env and 2 for I FA and LPS are 
presented. 

Figure 2 0 illustrates the response as a function of the 
dose of MOG (dose effect) , by means of the dosage of 
interferon gamma which signals the activation of T 
lymphocytes in the presence of the specific autoantigen 
and clearly shows that a real autoimmune response is 
induced in this model by the MSRV-HERV-W Env protein, 
using the Env-SU fragment which specifically stimulates 
the TLR-4 pathway under these conditions. In this model 
of MS, the T lymphocyte response does not result from 
direct activation by MSRV/HERV-W Env, for example via 
the T receptor (TCR) , as in the case of a superantigen, 
but from activation much further upstream, at the level 
of the cells of innate immunity (monocytes/macrophages, 
dendritic cells, etc.), as shown by the numerous 
results of the present invention (absence of IFN-gamma 
secretion, stimulation of purified monocytes and 
dendritic cells, stimulation of murine "macrophagic" 
cytokines in the SCID model which does not comprise any 
functional murine lymphocytes, IL-6 kinetics parallel 
to those of LPS, absence of IL-6 and TNF- alpha but 
clearly interferon gamma induced under the same 
conditions by a reference superantigen -SEB-, etc.) . 

This is also confirmed by the study of the kinetics, 
over time, of the autoimmune T lymphocyte response 
against the myelin antigen MOG added at 
35 10 micrograms/ml to the culture medium used to test the 
splenocytes taken from the "EAE /MOG/ Env-SU" animals and 
the w Env-free" controls with incomplete Freund's 
adjuvant (IFA, without M. tuberculosis extract) and 
MOG. This is illustrated by Figure 21, which shows the 
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very significant progression of the anti-MOG autoimmune 
response over time in the only mice to have been given 
Env-SU. 

These results therefore clearly show that a stimulation 
with Env-SU associated with an autoantigen allows, 
downstream of the cascade initiated by Env-SU at the 
level of the TLR4 receptor on the antigen-presenting 
cells (APCs, which include . monocytes/macrophages, 
dendritic cells, brain microgliocytes, etc.), the 
development of autoreactive T lymphocytes which are the 
sole cause of the interferon gamma (IFN-g) released in 
very high amounts (see graph) and therefore of an 
autoimmunity mediated by these T lymphocytes in vivo. 

3 - Experiment 3 

The same type of experiment was carried out in order to 
confirm the preliminary results observed, but also to 
test, in vivo, the therapeutic effects (on the clinical 
consequence measured in the model) of the ant i -Env-SU 
antibodies (represented here by the monoclonal antibody 
3B2H4) , in parallel with antibodies of the same isotype 
but not with an equivalent specificity (represented 
here by the anti-GAG monoclonal antibody 3H1H6) . 

Method ^ 

Subcutaneous injection of a dose of 200 microliters of 
antibodies at 5 micrograms/ml , i.e. 1 microgram of 
antibodies per mouse weighing approximately 2 0 grams, 
i.e. of 50 micrograms per kg: 

- MOG (150 jag) + CFA: 5 mice tested. 

- MOG (150 |ag) + I FA: 5 mice tested. 

- MOG (150 fig) + I FA + Env-SU (50 ^ig) : 5 mice 
tested. 
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- MOG (150 p.g) + I FA + Env-SU (50 jag) : 5 mice 
tested. These mice were also given 1 mg of Ab 3B2H4, IV 
(200 |il) ; 

5 

then injection of 200 ^1 (IP) of pertussis toxin 
(2 0 0 ng) at DO and D2 and measurement of the clinical 
signs . 

10 Results : 

The results obtained are illustrated in Figure 22. 

In order to test conditions closer to the development 
15 of a progressive autoimmunity as in MS, the results are 
obtained under conditions that are more "moderate" than 
the previous ones, since the toxin was injected IP and 
not IV as previously. 

20 The "MOG+CFA" positive control corresponds here to 4/5 
mice with clinical signs, and the " MOG+IFA" negative 
control corresponds to 0/5 mice affected. 

With the Env protein, as with the "MOG+CFA" positive 
25 controls, the mean clinical score is here reduced 
compared with the previous conditions. However, the net 
reduction in the pathogenic effect of this protein in 
the presence of anti-Env antibodies is illustrated by 
the minimum damage observed in the treated mice. 

30 

It is thus noted that the " ant i- Gag" antibody has no 
inhibitory effect on the immunopathological effect 
induced by the Env protein, or even slightly 
potentiates this effect through its presence, whereas 
35 the antibody 3B2H4 has a very clear inhibitory effect 
which causes the curve observed to move the most toward 
that of the "MOG+CFA" negative controls. The in vivo 
inhibitory effect of the "T lymphocyte -mediated 
autoimmunity- inducing" effects of EAE type is therefore 
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linked to the presence of the anti -MSRV/HERV-W Env 
antibody through 3B2H4 . 



In the multiple sclerosis model " EAE " , it is the 
5 clinical effects (neurological damage) which are 
measured, in particular, and not only the associated 
biological parameters. The effect studied is therefore 
no longer only a biological effect as described above, 
but the clinical translation thereof in the context of 

10 a dedicated pathological model. Therefore, what is 
measured here is indeed a therapeutic effect. Now, it 
is well known to those skilled in the art that these 
are the qualitative limits of the "preclinical " 
therapeutic validation for human therapy, since any 

15 subsequent therapeutic validation on the human disease 
must be carried out on humans on the basis of the 
criteria obtained on an animal model . 

Once the candidate therapeutic agents have been 
20 identified and selected and the dedicated animal models 
developed and validated, as in the present invention, a 
"quantitative" extension of the test series carried out 
can implicitly be carried out, developing the tools and 
the models already obtained with suitable controls well 

2 5 known to those skilled in the art and common to 

pharmacological studies, in order to satisfy the 
preclinical criteria . 

The elements obtained are therefore necessary and 

3 0 sufficient to finalize the preclinical validations and 

develop a therapeutic experimentation in humans. 

Moreover, the analysis of the amino acid sequence of 
the MSRV ENV and HERV-W7q ENV (syncitin) proteins shows 
35 the strong homology and the conservation of the main 
amino acid motifs in the MSRV/HERV-W family (Figure 
23) . This is reflected by a cross reactivity with the 
anti-ENV monoclonal antibodies (Figure 24) . 
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The sequence analysis (cf. Figure 25) also makes it 
possible to evaluate antigenic, regions of interest in 
the sequence of the ENV-SU protein referenced in SEQ ID 
NO: I, corresponding to the regions defined by amino 
5 acids 122-131 (inclusive) and/ or 312-316 (inclusive) 
and/or 181-186 (inclusive) . 

Consequently, it has been confirmed, in this animal 
model of MS, that a monoclonal antibody directed 

10 against the Env envelope protein of retroviruses of the 
MSRV/HERV-W family, and in particular of its prototype 
member MSRV, especially selected for its inhibitory 
properties on the pro- inflammatory pathway initiated by 
the TLR4 receptor in a cell assay, constitutes a 

15 therapeutic agent capable of inhibiting the 
immunopathological potential, in particular 

" autoimmunity- indue ing " immunopathological pot ent ial , 
of the ENV envelope protein of this retroviral family. 

2 0 It has therefore now been proved that: 

1) Enveloped MSRV virions are detected in patients 
suffering from multiple sclerosis [4, 8, 10, 62, 64] . 

2 5 2) Their expression correlates with the evolution of 

the disease [10] . 

3) The immunological response to the MSRV Env protein 
correlates with the progression and the severity of the 

30 disease [65] . 

4) The MSRV virions possess an RNA encoding the MSRV 
Env protein [66] . 

3 5 5) The Env proteins of the MSRV/HERV-W family have a 

very strong homology at the level of their amino acid 
sequence and at the level of the genetic sequences 
which encode them [2, 5, 66] • 
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6) The MSRV Env protein and the Env protein encoded by 
the HERV-W copy in the region of human chromosome 7q21- 
22 (HERV-W7q) have pro- inflammatory properties in vitro 
and in vivo (examples of the present patent application 
5 and [11, 12, 59] ) . 

.7) The MSRV Env protein is capable of reproducing the 
well known model of multiple sclerosis (MS) , namely 
experimental allergic encephalomyelitis (EAE) , in the 
10 presence of an autoantigen of the central nervous 
system derived from myelin (myelin oligodendrocyte 
glycoprotein, MOG, example of the present patent 
application) . 

15 8) This experimental model is conventionally initiated 
artificially with an antigenic extract of Mycobacterium 
tuberculosis, the bacterial agent for tuberculosis, 
which has nothing to do. with the etiology of human 
multiple sclerosis. The obtaining of this model with 

2 0 the envelope protein of the MSRV retrovirus, belonging 

to the endogenous retroviral family HERV-W, the 
expression of which can be detected in correlation with 
the disease, in the form of virions [8, 10, 62] or in 
the form of Env protein specifically expressed in the 
25 demyelination lesions characteristic of MS [59, 67] , 
constitutes a novel and unique animal model which makes 
it possible to study the therapeutic agents that target 
a retroviral agent involved in the immunopathogenesis 
of the disease. 

30 

9) The pro-inflammatory effects associated with the 
activation of T lymphocytes described on human cells 
are also clearly found at the level of the murine T 
lymphocytes of the EAE model induced with the MSRV Env 

3 5 protein, as attested to by the assays for interferon 

gamma production (example of the present patent 
application) . 
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10) The pro- inflammatory effects of the MSRV Env 
protein are mediated by lymphoid cells and antigen-, 
presenting cells, and therefore by the immune system 
(examples of the present patent application, [11, 12] ) . 

5 

11) Anti-MSRV Env monoclonal antibodies (3B2H4 and 
13H5A5) are capable of specifically inhibiting the pro- 
inflammatory effects of the MSRV Env protein on human 
blood lymphoid cells (lymphocytes and monocytes 

10 (examples of the present patent application) . 

12) The "specific inhibitory" effect of a monoclonal 
antibody (3B2H4) directed against the MSRV Env protein 
is confirmed in the animal model of EAE induced with 
MSRV ENV. This effect is reflected by a notable 
clinical improvement of the animals treated compared 
with the nontreated animals or animals treated with an 
irrelevant antibody of the same isotype (example of the 
present patent application) . 

The anti-MSRV/HERV-W Env monoclonal antibodies can 
therefore have an inhibitory effect on the 
inflammation, on the autoimmunity and on the 
neurological clinical problems induced with such a 
protein of a retroviral agent associated with the 
disease . 

It is therefore obvious that the antibodies whose 
properties were verified in vitro and in vivo 
3 0 constitute novel therapeutic agents for the human 
disease, multiple sclerosis, in an unmodified form or 
in a form improved by biological techniques, in 
particular genetic engineering techniques . 

3 5 The cell assays and the animal models suitable for the 
preclinical evaluation of these therapeutic antibodies 
are described here and now allow those skilled in the 
art to carry out the required validation steps before 
the therapeutic trials in humans and to adjust them to 
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various pathologies associated with the MSRV/HERV-W 
retroviral family. 
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